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Summary 

The geology of the area between the Hokoniii Hills and Forest 
Hill is here described. The old Hokonui coal-mine, which operated 
in a strip of Tertiary rocks on the west flank of the Hokonni Hills, 
is discussed and the likelihood of the measures continuing under 
the Makarewa Flats to Forest Hill is suggested. Tertiary clay 
deposits are mentioned, including the one in which Mako clay -pit 
operates. 

Introduction 

The area examined includes the south-west flank of the Hokonui 
Hills, bounded to the east by the Dunsdale Stream and to the north 
by Lora Gorge, and the river-flats extending from the Hokonui Hills 
west to Forest and Winton Hills, south to the Titipua and Hedgehope 
Streams. 

Outcrops are scarce, the hills being mainly covered vdth bush and 
scrub and the lower slopes having a fairly continuous layer of clay and 
soil. Goal is well exposed only at the mine and in prospect holes. 
On Forest Hill and Sharks Tooth Hill, limestone is fairly well exposed. 
Near the north boundary, Hokonui beds crop out in streams and cliff 
faces. 

Structure 

Cox (1877) carefully described the structure of the northern part 
of Hokonui Hills. “ Near the northern boundar}^ of the Mils, steeply 
dipx3ing beds form an anticline, the axis of wliich runs south-east from 
Okaiterau Stream, backing until, approaching Croydon, the axis runs 
east. A considerable thickness of the beds of the south-west limb are 
exposed. Near the Bastion • these 'flatten out to form a trough-like 
syneline with the axis dipping geixtly to the west,’’ 

He did not extend Ms work south of the trough where the beds were 
not w’ell enough exposed for their purpose. From what little can be 
seen of them, the beds here appear to he gently folded, the strike 
tanging from 30 ° to 45 ® east. 'Tp'&ylor’s Gorge the axis of an anticline 
may be distinguished striking .30*. , Near the junction of the Otapiri 
and Makarey^a Rivers-- th^ striked^; about 4S®, South of the* [junction 
the beds ri^e steeply to, form an .ahtidhne, the axis of , which strike^; 

and pitches 10* towards ^Mako .flag station (30 chains south of th^’, 
railway, bridge)*" • - 1 
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Bficls of the south-east limb crop out as a level ridge, one rnile 
long, forming the hill above Jiedgehope and mai4dng the southern 
boundary of the Hokoniii'. rocks . 

From about three-quarters of a mile north of the junction of the 
Makarewa River and the Otapiri Stream to two miles south, of it, 
■extends a strip of Tertiary rocks containing the coal-seam in uiiieli the 
ITokoiiiii mine operated. The Tertiary beds are bounded to the west, 
.at the Makarevva Eiver, by recent fluvial beds and to the east b}' 
Hokoniii beds up to about 40' chains from the river. Good dips are 
-obtainable in the coal at the mine entrance and in prospect holes, and 
.also in clays and sands containing calcareous-cemented bands, which 
■crop out mainly along the river. The sand and clay that form a large 
part of the Tertiary beds show little stratification and do not assist in 
the elucidation of the structure. The beds appear to form a. semi-basin, 
•extending from just iiortii of the mine tohS chains north of the llako 
clay-pit, dipping up to 30° to. the south- west from the north end and 
the same to the north-west from the south-. e,nd, and flattened almost 
horizontal in the liver-banks midw’ay between. The possibility of 
•the fiat bottom of the basin extending beneath the rlvei*-flats to Forest 
.Hill is suggested by the presence (mentioned later) of siib-biturniiious 
coal, oveiiain by calcareous mudstone, near the east side of Forest Hill. 

Just north of the Mako clay-pit a spur of Hokoniii rocks juts out 
to the river, making a break in the Tertiary strip. The rocks of this 
spur are strongly jointed, making bedding planes difficult to distinguish 
but the strike generally appears to be about 30°. The day of the pit 
shows faint stratification, but owing to the rapid movement of un- 
restrained clay this is of little help. It appears to rise to the south, 
east, and west. I’he man working the pit says tliat as clay was 
extracted the floor of the pit continued to rise in a bump, almost 
certainl;\^ tlie result of removal of clay causing a flow. The day is 
clearly iliii’ial transported day. Whether it belongs to the coal- 
measure is doubtful. Its position, tucked in against tlie Fiokonui 
rocks, may be due to faulting; possibly the clay is a remnant preserved 
on the down throw side of Sharks Tooth fault, here assumed to continue 
to the north of the pit. Alternatively, the clay may ]>e the remains of 
an estuarine formation defended by s]:>urs of Hokonui rocks. 

The limestone forms the line of hills, Forest Hill, Wiuton Hill, 
Lime Hill, and Centre Bush. According to Maepherson (1037), these 
are Kutehinsonian and represent remnants of a syneliiie, the axis of 
which passes through Centre Bush, in the direction of 167°, leaving 
Lime Hill to the -west, clipping gently east, and Forest Hill to the east, 

• dipping gently -west. 

I1xe limestone of Sharks Tooth Hill strikes 40° and clips south-east 
50°, and in a small knoll at the south-east end of Forest Hill the lime- 
stone dips steeply to between south-east and south. This discordance 
wfith the syncline has been caused by a fault running 60° along the 
straight, narrow valley separating the knoll from the main part of 
Forest Hill and passing adjacent to Shark’s Tooth Hill on its northern 
:side. 

Grey marls crop out as almost horizontal beds in the banks of the 
■Otapiri Stream and underlie the limestone of Forest Hill. 

The nature and slope of the .surface underlying the Pebbly 
gravels could not be determinedy-' as .the 'lower contact is in sight in one 
place only. The lignite in them';dip$, to- 30®. . 



The Jouenal oe Science and Technology 


[July- 

Steatigbaehy 

Tlie reports of Cox and McKay (1877) were chiefly aimed at dari.. 
fyiii^* the seoiience of Mesozoic beds, wliicli in the Hokoimi Hills are 
welf displayed and very fossiliferons. McKay (1877) discussed thu 
relation of oTerlyiiig formations and stated the sequence : 

(1) Recent river gravels and raised beaches. 

(2) Forest Hill limestone. 

(3) Orev marls, exposed in Otapiri' Stream and iinderl^/iiig Forest^ 

Hill. 

(4) Brown , coal and lignite, including quartz gravels of Pebbly 

Hill (Cretaceous-Tertiary). 

(5) Higher plant beds, Mataura Series. 

(6) Lower plant beds, Putataka Series ; older rocks of liokonui. 

Series. 

The coal-seam in which the Hokomii mine later operated was 
apparent!}" not observed. McKay would almost certainly have jmt it- 
with (4), as belonging '' to. the browm or pitch coals of the Cretaceous- 
Tertiary.'' However, lie says that the relations of (4) are obscure and. 
piits it in this position on the grounds of lack of contradicting evidence.. 

Ill this report the sequence is considered to be : — 

(1) Recent. 

(2) Lignite, quartz gravels, Mako clay. 

(3) Forest Hill limestone. 

(4) Orey marls. 

(5) Coal and clay — 

Mataura Series . ^ 

Putataka Series ^ Mesozoic. 

Older rocks of Hokonui Series J 

(1) llecent . — The river-fiats between Forest Hill and the Hokonui' 
Hills consist of shingle beds with occasional peaty layers, and con- 
siderable patches of clay of doubtful ages. The beds are mostly" stained 
with iron, and in places lathers of gravel and sand are strongly iron 
cemented. Some of the clay^s clearly are recent alluvium, others, such 
as the clay- at Tussock Creek, are older. 

(2) Lignite and Pebbly Hill Gravels. — The gravels are very pure 

quartz gravels, of well-rounded, elongated pebbles from slightly less- 
than 1 ill. long down to grit size. They" are 'white, except for pockets 
stained with a soft manganese powder. Some lenses of a white siliceous 
clay can be moulded like plasticene. A lignite-seam outcrops in College 
Stream, dipping gently" to 30^, The ultimate origin of the gravels is- 
accepted as being the result of erosion of quartz schist during thc 
Cretaccous. The lack of induration of the clay that underlies them 
(where 10 ft. of blue clay- are overlain by" 3 ft. of blue sand) argues that 
they are no older than Tertiary. Their position in the Tertiary cannot. 
y"et be determined. They"' may easily .be older, than the Forest Hill 
limestone. That they a.re younger than 'the limestone is suggested by 
the. clay beds containing lignite that overlie the limestone at the south 
end of Forest Hill, and by that (5) contains seams of higher- 

ra.nking coal than the lignite of the Pebbly Hill, not far distant. 

J3) Fbrest MiU Limestone . — A calcareous sandstone with abundant 
fossils (notably bracMopods and Bryozoa) and harder less -fossiliferons 
limestone from Forest Hill They overlie grey marl. According to- 
Maepherson (1937), the limestone is/HutcMnsonian in agej” ' 

(4) Gmtj If arl.— Blue-grey calcareous mudstone outcrops in the 
banks of Otapiri Stream. Foraminiferal determinations by I)r. H. J, 
^nlay place the age of this marl as Whaingaroan (personal com- 
munication). This determination correlates the marl with the Whain- 
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garoan beds of Orepiiki district and with the marl iiiideiiyiiig the 
limestone of Forest liiil (Willett, personal communication). 

(5) Coal and Olay . — The coal-measures ' are in the seiiii-basiii 
sti'iictiire near the junction of Otapiri Stream and Makarewa River, and 
rest uiiconformably on Hokonui beds. At the boiiiidary, Putataka 
I)ed.s appear directly in contact with the Tertiary. The sef|ii€nce is * 

(а) Clays, white and grey sands, both in places consolidated by liiiie 

to form hard blocks in discontinuous layers. 

(б) Carbonaceous clays. 

(c) Carbonaceous shales and coal. : 

(d) White sand. 

Basal member not observed. 

These beds vary laterally very rapidly and generally appear to have 
been formed under estuarine conditions.. , ■ , 

The coal is hard, resinous with shiny black lustre, and conclioidal 
fracture, but shows distinct bedding planes. Thin coal stringers occur 
ill overlying sands and muds. An outcrop in the banks of the Makarewa 
of hard, Mack coal a few inches thick, set in hat Idocks themselves 
contained in a grey mudd}^ cjla}^ is of interest for the similarity to 
recent drill-core near Oliai, where mudstone concretions enclose a few 
inches of black coal. On the east side of Forest Hill, vsimiiar coal 
overlain by similar mudstone concretions clearly underlies the limestone. 

The relations of tiie clay of the Mako clay- pits are obscure. There 
is a similar very small occurrence at the mouth of Taylor ’.s Gorge. 
The clay was probably a weathering product (though not residual) of 
the upper Hokonui rocks, which do weather very rapidly to a fine clay. 
With small outcrops on the hillside above the pit, it is impossible to 
tell without excavating whether a clay is a recent weathering product 
or part of the Tertiary beds. Fragments of coal occur in the clay in the 
pit ; these may come from Hokonui beds that contain thin coal-seams. 

Til the pit the clay ap]>ears in many different colours, red, blue, white, 
and grey, and varies in sandiness. On top is a layer a few indies 
thick of hai*d indurated blue claystone. Mako clay belongs either to 
the coal-measures or the day of Tussock Creek and Pebbly Hill gravels. 

The latter is suggested by the similarity of the clay underlying the 
Pebbly Hill gravels, and hy the presence in sands associated vith 
Mako clay of manganese stains that closely resemble the manganese 
staining of the Pebbly Hill gravels. 

Hokonui Coal-mine 

The lease wuxs reported on before the opening of the minc^ hy Park 
(1886). Taking an average thickness of 10 ft.,^ he estimated' the lease 
to contain 1,000,000 tons of coal^ but, thinking the seam rose to the 
north and not .realizing that the eastern boundary was so near tlxe 
river, he probably overestimated it. 

Prom reports in Mines Statements' the Hokonui mine operated 
between the years 1887 and 1896 in the lease on the east side of the 
Makarewa, just below its junction with the, Otapiri. The seam was 
7-12 ft. thick, dipping 14® to the west.. ThC' mine started in 12 ft., 
but the top two divisions of 3 ft. and 1 ft. faded into carbonaceous clay. 
The coal was similar to that at Kighteaps. It was a good b teaming 
coal and ivas used by the railways. ' 

111 1894, at a point 20 ehains, .ivest of the .mine entrance, drilling . 
had reached 300 ft. and coal, was ^ expected at 350 ft. There is no 
further mention of tins drill-hole.' 

The report of 1895 stated that the workings were extending in good 
coal of even thickness to the west and north- we^t of the dip drive. _ /The';. 
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mine apparently closed suddenly in 1896, and, although the manager, 
John Hayes, then became Acting Inspector of Mines for the district, 
no mention of the mine, bej^ond the fact that it was not working, 
appeared in the reports of 1897, Hearsay attributes the closing of 
the mine to flooding from the river, - but in view of the fact that the 
mine was worked underground in 1898, flooding could not have been 
serious. In ail, 50,000 tons of coal were extracted. 

The plan of the mine shows that 9 acres of coal were extracted from 
workings from a dip' drive. The pillars were small, most of them being 
about 15 ft. wide, and few exceeding 30 ft. Progress north appears 
to have been stopped by tender coal,’’ progress south by “ bad coal.” 
North from, the mine entrance the strike curves- to the north, indicating 
that the seam here at the northern end of the basin is folded into a 
gentle anticline, the axis of which rises to the east. 

The mine entrance is only 10 ft. above river-level, and in 1945 was 
still full of water. The coal at the opening seems to stand i^vell, but parts 
of the seam appear to deteriorate laterally to shale. 

There has been drilling done recently by Mr. Orr, of Wairio, and 
several of the drill-holes may be seen on the east side of the Makarewa 
south of the mine. Mr. McDonald, of Tussock Creek, states that 
many years ago he discovered good coal near the surface north-west of 
Shark’s Tooth Hill, which suggests that the seam may extend this far 
beneath the river-flats. 

Lignite, reported to be of good quality, used to be mined at Tussock 
Creek. There were at least three seams, one 20 ft. vide. Oving to 
the steep dip, any reasonable amount cannot be mined open-cast. 

The following analyses show that the Hoko,iiui coal is a high-grade 
lignite, but since in the hand specimen it appears bituminous, and to 
differentiate from the very different low-grade lignite of Tussock Creek, 
it has been called sub-bituminous in this report. 

The analysis of a sample from the Hokonui mine is compared 
below with analyses of lignite from Orepuki and coal from Ohai, The 
analyses of lignite samples from the Tussock Creek workings and from 
the Mataura Paper Mills pit are also given. 


Proximate — ( on air-dried coal) 


— 

Hokonui 

(1) 

Wai- 

mearaea 

(2‘) 

■ : M'OSS- 

3)aiik 

(■'*' 

■ ■ ■ Tnssooli 

Creek 

Mat a lira 
Paper 
Milis 
((U 

Upper 

( 4 ) 

Middle 

( 5 ) 

Moisture 

22.2 

22.8 

1 . 5.5 

17.2 

22.1 

30.4 

Y olat ile matt er 

39.5 ! 

36.8 

35,8 1 

34.6 

40*8 

39.2 

Fixed carbon, 

33.8 

36.8 

40.9 i 

.4,5.3 

32.4 i 

26.3 

Ash. 

4.5 

3.6 

7.7 

32.9 ' 

4*7 1 

4.1 

Sulphur 

0,4 

l.,2 ' 

0.4 

■ 0.3 

0.6 

0.2 

(MoriSc value | 

9,210 

8,760 

10,060 I 

5,170 1 

7,820 

7,330 


All Eomcoking 

Ultimate-— ( calculated to dry -ash free coal) 


Carbon 

71.6 

69.1 

74.3 ! 

1 

62.7 i 

65.8 

66.3 

Hydrogen i 

5,7 

6*3 

5.3 ; 

5.7 ! 

4.8 

6,2 

Nitrogen 

1.2 

1.1 

1*2 j 

1.0 1 

0.8 

■ 0.7 

Sulphur 

0.6 

3.6 

0,6 

0.6 , 

0.7 

0.2 

Oxygen 

20*9 

• 17--.7 . 

,18.7 i 

■ 30.0 1 

27.9 

27.6 


(1) Domlaion Laboratory memo^ dated 25th March, 1946. 

C2) Dominion Laboratory memo* dat-ed lUh October, 3 945. 

<a) Dominion Laboratory memo* dated 2Igt S6pt6ml>er, 1945. , 

(4) Dominion Laboratory dated 25th' M^-roh, 1S46. 

(5) Dominion Laboratory memo* dated 25th March,. 1845. , . . 

( 5 ) Dominion Laboratory memo, dated 18th September* 1945 * ' ^ 
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Other Economic Deposits. 

■' Limestone of Eoregt Hill is ' quarried for agricultural use ( 'report in 
press by R. W.. Willett). 

■pebITy Hill gravels have inTLe past been . used Tor roads. 

The clay from Make clay-pit is quarried and used in McSkiinmiiig's 
bid c^k a,iid pottery. 'works. ' „V ' 


,ltE,poRT AND Analyses by Dominion Laborato.ry on Ma,ko^ an,.d. Pebbly 
' A, A ' Hill Olay^s 


" '■ . ■ ■■■ 

Mako 

PH>b}y*= 

ilill 

(Y 


(2) 

(3) 

(4) 

SiO 

59.63 

60.14 

60.73 

75.92 

64.37 



26.39 

26 .53 

26.12 

14.31 

19.14 

■PeddA ' ' 

0.81 

0.54 

0 . 55 

. 0.77 , 

2.30 

TiO.. 

1 . 4f) 

1.29 

1.40 

1 . 15 

0.75 

M-'Q 

0.16 

0.18 

0.18 

0.14 

0.86 

<'a(> 

O.U 

0.14 

0.12 

0.13 

0.00 

Xa„( ) 

0.02 

0.08 

0.06 

0.06 

0.33 

kI) 

0.48 

0.65 

0.60 

0.25 

0-. 98 

1L",D -- 

9.24 

9.52 

9.25 

5.80' 

9 . 55 

If.^O-dOaA) . 

1.55 

0.77 

0.52 

,1.13 

1,52 


90.88 

i 99.84 

i ■ 

99.53 

09.66 

99.80 


>. 1; Duroinior?. Laboratory report dated Mrd Oetot»er, 11141. 

rj' Dtooinina Laboratory report dated Srd Oelobe’*, 1041. 

t;n Doriiiiiiori Laboratory report dated Hrd Oetober, 1011. 

’ O DaruLiiaij Laboratorj’ report dated 3r(L Oetolx'r, lOU. 

?r»: i) aoiai'JH Lalioratory report dated ODi .Taiianry, 104:5. 


^Pebbly Hill Clay 

Physical and Burning Tests. — ^T his is a soft, crcamy-eolouixHl ckiy 
nnifnriTi in texture and non-grilty. Tt is very hiDhy X-dastic, Tt rncmkls 
well to a very stronu* raw proiluci. Tempering- water required. mO jier cent. 
Ik'islly' reduced to dne condition. 

Results buralng tests made on small tiles made Erom the clay : — 
Dried at ICKHc. ....... Creamy-grey. Linear shrinkage, 0,8 per cent. 

Burned at OOO'c. Compact texture. Fniform yellovish-cream. Mod- 

erately hard. No sign of vitrihcatioii. Linea,r 
shrinkage, 7.8 per cent. 


Burned at 1,200 °c ITnifomi, compact, rich yellow. Excellent shape. 

Extremely hard, but iinvitrilied. No cracks 
or other defects. Linear shrinkage, 12.5 jicr 
C€mt. 

Burned at L800°c Yellowish-brown. Considerable vitriheation. Dense 

compact product of good shape, approaching 
a stone uwe. Linear shrinkage, 12.5 per cent* 

Bamarks , — clay cannot be classed as a. refractory chiy. In view of 
its uniiVsrniltr, its softness, exceptionally high 'plasticity," and behaviour on 
biiming, it may have other ceramic uses. .Strong, dense, yellow building- 
bricks could be ma-dc^ from this clay, and it- may have value for the bod;v of 
sanitary w-are and for art pottery. Owdng to its colour it cannot be used for 
pottery generally. 

The Dominion l4aboratory also gives the following analvses in a report 
dated 2Bth June, 1946 : — ' * ‘ 

{i\) Tussock Creek : Hanging Wall, upper lignite seam; 56 chains at 
, . 225 from Trig. O, 

(7) Tussock Creek : Root wall, middle lignite seam ; 66 chains at 225^ 
from Trig. C. 

{81 Taylors Dorge : 114 chains at 315^ from Trig. F. 

. , . (!)) X. iiderlyiiig gravel of Pebbly Hill ; 482 chains at 80*’ from C. 
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District, Southlakb 

ANALYS’Eis. — Tlie samples, alter ' grinding . to completely pass u Nt.>, ‘.V'f 
B.S.^sieve, were tempered with water and "moulded into Ismail test tiles, 
wMcli were burned at successively higher temperature in an tlectric iiinia-c*' 
and the behaviour noted. The results were: — t 


— - , ’ 

6 


s 

1! 

Wor'kabilitv 

Highly plastic. 
Strong raw 
product. 
Rather sticky. 

Fair 

plasticity. 
Raw product 
rather weak. 

Very soft 
fairly plastic 
clay. Dow raw’ 

■ strength. 

Highly 
plastic. 
Strong rarv 
product. 

Teinpering- 
W ater per cent . 

36 

'■ :28 

28 

. 35 

Dried, at 100°c 

G,rev' brown. 

L.S.*, 7.S 

■ . Deep 

yellow -brown. 
.,L.s., 6.3 ; 

Yellowdsli- 
grev. ' 
e:s./8.4. 

Pale grev. „ ■ 

, .... L.S.,.;:9.4 / 7 

Burned at 

870 

Rather soft. 
Uniform pale 
brick-red . 
L.S., 7.8 

Excellent 

deep 

uniform brick- 
red. Fairly 
hard. 

L.S., 6.3 

. Pinkisli- 
browm. 

. '.Ra'tlier soft. ■ 
L.S., 7.8 ■ 

1 

j 

' Very pa,'le: .' 

cream.' 
Rather soft. 
L.S., 9.4 , 

Burned at 

1,000°C 

Fairly hard. 
Pink red. 
L.S., 9.4 

Excellent i 
deep brick- ' 
red. Fairly 
bard. i 

L.S., 6.3 

Pale brick- ,| 
.red. Hard j 
and strong. 1 
*KS.., 9.4 

Coloured as 
... at 870Y3.. : 
Fairlv hard. 

Burned ..at''., 

RlOOk- 

Steel hard. 
F^ink-brou'ii. 
17.0 

Da rk reel . . \t 

‘ transition 
temperature ' 
hard. 

L.S., 10.0 

Dark purple- 
red. Good 
deal of 
vitrification. 
L.S., 15.6 ; 

Pale cream. 

; Hard hut 
' not vitrified. 
L.S., 10.9 

Burned at 

l,250"c 

' 



Uniform light 
grey. Well 
i ’ vitrified 

1 throughout, 
L.a, 17,2 


means per cent., linear slirinka..ge. 


Be^i^arks. — (6) Colour too light a red for brickniaking. Xo other com- 
mercial use. 

(7) Jn exeellmi hriek clay , — Optimum burning temperature, about 
1,000 Vitrificatkai range appeal’s to be satisfactory, and could probably 
be extended, it required, by incorporation of, say, 5 per cent, of IS'o. (hi. 
Tiiis addition would also improve raw strength. 

(H) Colour too light a red for bxickmakjng, Ko other commercial value. 
(9) This is a clay of considerable promise., In view’ of its high plasticity 
good 'bonding power, light burning colour, and vitrifying properties at high 
tem,peratures, it would” appear to have possibilities as a. hall clay, I! the 
cpiantity available Ls sufficiently large, 1 recommend that a reasonably big 
and reprosontative sample (say, 14 lb.) be sent for trial in sanitary ware to 
MeSkimming and Co,,. Benhar, If, tbe works trial proved satisfactory, a 
complete chemical analysis W'ould then be 'made, 
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THE HANMER PLAIN AND THE HOPE FAULT 

By G. A. Cotton, Victoria University College, Wellington 
{Received for puhlicaiio7i, 9 th 31 ay, 1947) 

Summary 

Th(‘ <>a.st-w(*st. trtniding Hopv^ fault, a major dislocation, \vhi(di 
lias bef-*n regarded by some autbors as collincar noi‘t])-<*ast vviir<i 
with the Ivaikoura fault, has its upthrow on tlu' south suha A 
simkoTi and sinking area that borders the fault on tlu' north side 
has b(‘come llie Hanm?r Plain, Along the south side of 1 his there 
are river terraces with a peculiar history which testify to diffenait ial 
. uplift. Up the Hope Ki\u\r there has been movement on the fiiulfc 
in historic aiie* recent prehistoric times ; but this latest movtaruait 
has been locally transcurrent. 

The Hanmer Plain 

Tj-if: as yiiimetiTc form of the Hanmer basin is a result of differential 
inoveiiients that vStill continue on a nearly east- we^st , fault along its 
soritheni hoimciary, the Hope fault, as this is best called, for it de- 
teroiiiies the middle and lower course of the Hope River as well as that 
of the Hanmer and a reach of the Waiau (Fig. i) and has been active 
recently in the valley of the Hope. Along that portion of the fault 
which forms the boundary of the basin there is a fringe of high river 
teiTtiees (Fig. 2) that indicate uplift along one bank only of the terrace- 
making rivers. Along the northern margin of the })asin, and indeed 
around the whole perimeter with the exeepkon of the southern \vall, tli(‘ 
plain gives place to tapering spurs, not terraced, wliitdi descend from 
the surrounding: highland between fan-filled embayments. The spui’s 
narrow to points and ])hinge beneath the surface of the gravel of the 
aggraded basin fiooi* (Fig. and this makes it obvious that the Moor 
of tlie basin lias been eariied down by a differential movement of 
dejiression that seems to he still going on, though no doubt inter- 
mittently. It is such sinking that has caused the aggradation of the 
whole tloo!' ot The basin with development of the basin plain ; and this 
downward movement has been in progress, so it appears, while the 
Leslie Hills block, south of the Hope Fault, has been rising. It is well 
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.known that the fault which here separates differentially moving areas 
has been recently active (McKay, 1890, 1892), and., a/SpeightC1933) 
.has remarked, earth movements on this line have been re,spoiisibie for 
producing the majority of the earthquakes that have been felt in 
Canterbury, including probably the severe Arthur’s Pass earthciiiake 
■of 1929. 

„As McKaj-^ :(1892) perceived, the rivers that follow the. line of the, 
.fault .have obliterated much of the evidence of the most recent dis- 
placements, and clearly this has long been their habit, but the relation 
of the straight, terrace-fringed southern wall of the basin to the fault 
line as a true fault scarp, though one of an iiiiiisiial configuration, is 


Fro. 3 . — A matximiy dissected fringe ■ of highland nort/h of the 'Hanmer 
Plain is warped down and embayed by; alluviation in the basin pla-in. (Oon- 
trast with the southern terraced inaiigin of the hasin, Pig. 2). 


[JUI.Y 


12 The N.Z. Journal of Science and 'Tech nolo^-jv: 


unquestionable. The lowest tei:race is broken, moreover, at the locality- 
indicated in Fig. 1 by a rejuvenating fault scarplet -four to six fcH't high 
and obviously of recent development (Fig. 4)., This was observed by 
McKaj'- (1892'). 'In places crush zones in the greywackc' imsenn-'nt 
rock are revealed in road cuttings along the Lewis Pass liighw^ay wlierr' 
this follows the bank of the Waiaii River along the fault line ; but it is 
not dear wliether the crushing resulted from recent faulting or wa,s 
caused by some more ancient dislocating movement. If tire iatt'CU', 
then it appears that the belt of crushed rock has provided a zone ol 
weakness in wliich recent movements have been localized. 

Just belo^v the confluence of the Hanmcr and Waiau Rivers 
combined stream turns southward and enters a locentiy rejuvenated 
antecedent gorge (Figs. 5 and 6) through the f.eslie Hills block of 
country, to emerge again beyond this on the Culverden Plain, whic!) is 
another amd larger tectonic basin of recent development, as Speiglit 
{1918). has noted.: 

Absence of terracing around the llanmer basin, except on the south 
side, rules out an alternative suggestion as to its origin, by whicli ] 
have been previously influenced unduly (Cotton, 1941), tiiat the plain 
as it exists to-day has been developed by fluvial re-excavation of a 
gravel- filled basin. The terraces that border the Waiau River in the 
outlet gorge also indicate that differential movement has been recently 
ill progress. Though high (Fig. 6) and continuous with those fringing 
the Hanmer Plain at the entrance of the gorge, they converge and 
become lower downstream and eventually die out in the Culverden 
Plain, merging there with the alluviated surface. This indicates that 
the block of country between the basins is not only tilted but is stiO 
(intermittently) experiencing a tilt or rotational movement. ITp-valle\’' 
from the Hanmer basin also, terraces emerge at first almost imper- 
ceptibly from the plain, become higher up the valleys of the Waiau and 
Hope, and eventually attain great heights. Here it mirst be noted 
that terraces are present on both sides of the valleys, indicating a general 
tilting upheaval. 





s<^lefe oa the line of the Hops fault at 
the locality called by McKay Mdatosh’s S9at, five miles west of the Waiau 

outlet gorge. 
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Pecent Activity of the Hope Fault 

Evidence of renewal of movement along the line of the Hope farilt 
has been recorded by McKay (1890, 1892) in the 'Hope Valley. At 
localities, tiic^ one four and the oHier five- and- a- half miles west of the 
Waiaii River confluence and near tlie 0130111 Wt’c homestead, he 
oliserved twm fences on the more or less level surface of a ten^aee 
500ft. above the river and half to three-quarters of a mile back from 
the edge of the terrace) which had been dislocated 8 ft. and 8 ft. 6 in. 
respect! vel}" piirelv" horizontal (trails current or strike-slip) fault 

displacement. A photograph of the most easterl3^ of these disloeated 
fences after it had been repaired (or, in ■ reality, reconstructed) ivas 
published b}'' McKay" in 1902. Btrangeli' enough the more ivesteii3' 
fence still survives in the form in which it ivas rebuilt after the dis- 
location. The photograph of it reproduced as Fig. 7 ivas taken in 
February, 1947. Prol)abi3’ the fence was re-aligned, except for the 
main offset, ’when reconstructed, thus eliminating an 3^ small kinks and 
departures fr-om the origiiial straiglit line that were introduced hy 
distributed strike-slip displacement. - When McKay made his ob- 
servations it was known that the lateral movement — dextral according 
to Anderson’s s3'Stem of nomenclature — had taken place during an 
earthquake in 1888. A zone of closely spaced parallel cracks, or 
rents,” as McKay called thvem, in which strike-slip movement w"as 
known, or might be suspected to have taken place at the same time, 
was traced b3’’ McKay for eight miles in the vicinit3" of Glynn 
but ivas found to pass at each end of this stretch into the beds of the 
Mbaiaii and Hope Rivers, wdiich had obliterated the “ rents.” 

Though concerned cliieliy with the effects and causes of the earth- 
quake of 1888, McKay made passing references also to what he termed 
an '"old line of earthquake rent.’” This feature is still conspicuous 
on the high terrace at Glyrm Wje and there marks a line of faulting 
parallel to and northward of that which has recentl3" developed (dis- 
locating the fences). McKay found that both the older and the new' 


F10, 5 ,— Entrance to the rejuvepoated 'aittooedent gorge through the Leslie 
Hills by way of which the outhowihg'W^^ Biver drains the Hanmer basin 

•X ' , , -''7'' > 4 -; •' ' , ■ 'Bhoto ! V. C. Browns 
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the Leslie Hills. Photo : V. C. Browne 


breaks could be traced westward from a point about four miles w'est of 
the Hanmer-Waiaii confluence and extended up- valley for the full 
length of the east -west reach of the Hope River. 

With the exception of the measurable strike-slip displacement at 
the localities mentioned on the high terrace near Glynn Wye, the 
traces of the latest earthquake -making disturbance consisted of systcuns 
of ]>arallel open cracks in the ground striking cast and west with a 
ilefimte indication of dextral movement at only one other locfality. 
All traces of the ■’ rents seen by McKay have now been obliterated, 
but the displacement seems to have petered out in a few miles, and it is 
scarcely comparable, therefore, with the transcurrent faulting on the 
*San Andreas fault, in California, or that of tlxe Gfreat Glen of Scotland, 
in both of which cases movement has been of regional extent. Mere' 
strike-slip movenumt seems to have developed locally on a portion of a 
surface of majoi* dislocation subject elsewhere (and formerly herc^ 
also) to dip-slip faulting. That this was not the first transcurrent 
movement locally affecting the Hope fault line is made clear, however, 
by a cursory inspection of the older cicatrice, or line of “ rents/’ ob- 
served bur referred to only casually by McKay. Whereas the cicatrice 
on the same line that lia>s been mentioned earlier as a. scarplet of 
rejuvenation farther east at the base of the scarp facing the Hanincr 
Plain, seems to have been produced Iw a movement that was larg<3ly or 
wholly vertical (ilip-slip), that on 'the Glynn Wye terrace presents 
features of a kind rare or unknowm on other' Ke'w Zealand fault traces 
which strongly suggest that movement was largely or wholly ti'ans- 
eurrent. A broad treneh-Iike forni is developed, along which are sag 
ponds (Fig. S), and the formerly level terrace tread, which has been 
deformed, k higher in some i^aees on the north and in other places on 
the^ BOiiiK side of the line, giving an appearance of scissors faulting, 
fa .Fig. 7, beyond the offset, the fence line crosses a sagged surface and 
then ascends southward-facing scarp or warp at this line which is 
about 40 ft. high. For miles the whole surface of the terrace is tlirowm 
into undulations, as though buckled by lateral movement, so that when 
walking over ifc one finds it difficult, but, for the gravelly soil underfoot, 
to believe tliat the surface is that of a, river terrace. 



Fig. 7. — The more westerly of the two dislocated fences observed by McKay 
after the earthquake of 1S88 as it is now. View looking north. ' Beyond 
the offset in the fence, the fence line crosses an older cicatrice, or trace, of 
t ransciirrent faulting. Note the deformation of a formerly level terrace 

tread. 

Immediately east of Glynn Wye the zone of dislocation crosses a 
valley-side spur, from which landslides have at some time descended 
to impound a tarn known as Horseshoe Lake in a segment of a valley 
that has been occupied b}^ a tributary stream (not the Hope River 
itself as .McKay suggested). At Glynn Wye homestead the disturbed 
ground is on the frontal scarp of the high terrace previously mentioned, 
while westward it ascends to the tread of this terrace and traverses it 
for five miles. About four miles from Glynn Wye the disturbed zone 
approaches the edge, and a very conspicuous multiple scarplet with a 
total downthrow of about 40 ft. to the north becomes visible from across 
the Hope valley (Fig. 9), Three separate scarplets composing it are 
in an equally good state of preservation, and in the case of each of them 
there is an appearance of a combination of dip- and strike-slip dis- 
placement, as has been the case in Japan and Formosa during earth- 
quakes (Heck, 1944). It seems possible that these were all formed 
during some prehistoric earthquake of very great magnitude ; but some 
scarplets of comparable and less height in the North Island seem to have 
arisen only as a result of several instalments of movement (Waghorn, 
1927; Ongley, 1943). Extensive gullying of shaken and fissured gravels, 
■which has taken place in the dowuithrowm margin of the terrace below 
■the scarplets, may have required, fot' its development, not more than 
a few decades (centuries at most), since the occurrence of the pre- 
historic earthquake or earthquakes referred to above. 

The Hope Fault m Relation to Otheb Majoe Faults 

McKay (1892) regarded the- Hope fault as the eontinuatioh of 
another, also recently rejuvenated, which has since been called the 
Kaikoura fault (1902), as it, -is along the base of the Seaward 
Range, Park (1910) and Henderson (1929) have followed him in 
this, though it has been necessary in , adopting the correlation ' and 
mapping the faults as one. to take 'aliberty with the topography'' and, 
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Fig. 8. — Sag pond on the line of fanlting marked by buckling or warping of a 
terrace tread near Gl^’nn Wye. Tbe sag pond is beside the fence dislocation 

shown in Fig. 7 . 


•place one of the depressed areas shown on Hendersoiihs map (that 
which is, presumably, .the Hanmer Plain) south of the fatilt, sotith 
of the Hope ^Vaiau-Haiimer river- line, instead of in its true position 
no,rtii of it (Fig.. 1). ■ ■ ■ ' 

McKay did not resort to the device of moving the Hanmer Plain 
southward, but he was at some pains, though almost apologetically, 
to explain that the basin containing it, which lies admittedly north of 
the fault, may be ‘"to a large extent ’’ of erosional origin, whereas it 
it is clear thcit liis keen eye and his reason, or intuition, had already 
assured him that it wuvS a downthrown or dowmwarped tectonic feature. 
He .suggested the hypothesis of erosional origin evidently as a con- 
cession to a ruling theory of southward dowiithro'w on a Kaikoura- 
Hope fault ; but he also expressed the opinion that relatively low 
summit altitudes in the mountains north of the Hope, where the main 
divide is now crossed bt" the Lewis Pass highwa}^ and where there are 
other low passes, might indicate a northerly downthrow in that area. 
Thus a theory of cross faults which he advanced to account for possible 
change of doumtlirow from north to south in a short distance be 
in part correct. Alternatively, howrever, it may be true that the throw 
changes scissors -fashion. No doubt there is much subsidiary warping ; 
there are certainly bifurcating faults and perhaps there is some cross 
faulting ; but to rely entirely on a theory of mashing of the terrain 
into small blocks would be inconsistent \yith acceptance of McKay's 
valuable conception of major faults in this' region. 

The Hope fault itself is undoubtedly .a major dislocation, whether 
or not it is one and the same' with the, Kaikoura fault, but only at the 
Hanmer basin is there clear evidence' that a large differential displace- 
ment with downthrow to the north has been in progress very recently 
on this line. If, as seems possible, the Hope fault, with downthrow 
generally to the north, is not pollinear. with the Kaikoura fault but 
intersects it, is intersected by it, or meets it at an angle, ■ the Hanmer 
basin, or the larger depression-of which the bavsin is a part, may perhaps 
^co-rrectly be regarded as continuous, with a still larger complex depression 
farther north which contains the valleys of the Upper Clarence and 
: ' Awatere Mvers. ' ' ■ _ •. ■ . 





-Multiple scarplet near the edge of a high terrace on the south side 
of the Hope River west of Glynn Wye. 
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On the other liand, a hypothesis that rer^-ersal of the direction of 
of downthrow takes place at some time during the histories of some 
great faults may bring into line wdth the topographic facts the theory 
that the Hope and Kaikoura faults are one. Probably the best ex- 
planation that can be offered of the remarkable reverse scarplets that 
are to be found in New Zealand along the bases of some maturely worn 
fault or fault-line tectonic scarps is afforded by the hypothesis that 
ancient faulting has gone into reverse in a new faulting that has just 
begun (Cotton, 1947) and in this ease such reversal may have taken 
])lace earlier. 
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INCLUSIONS OF IGNEOUS AND METAMORPHIC 
ROCKS IN THE SERPENTINITE AT HARPER’S. 
NEAR WELLSFORD, NORTH AUCKLAND 

By J. .A. Babtru'Mj AAuckland University College 
{Received for ptiMication^ 12th 31 ay, 1947) 

Summary 

Desciiption of rocks derived from a serpent inite m.'iss ; these 
include not only troctolites and other common associates of 
serpentlnites. but also, amongst others, rocks such as schists, which 
represent part of a widespread, deep-seated metamorphic baseunent, 
and coarse-t ext Tired dolerite with pigeonite as one of its pyroxenes. 

Introduction 

Extensive recent quarrying, mainly, in the Silverdale-Kaii- 
kapakapa-Wellsford area, of relatively, small lenses of serpentinitev 
for use in the manufacture of serpentine-superphosp,hate has led to the- 
discovery of a number of interesting types of rocks. Many of these' 
already have been described by Bartrum (1944) in a recent paper, but 
later discoveries at Harper's, on the northern highway about a mile 
south of Wellsford, deserve record. The rocks concerned were col- 
lected from a large dump and were not located in situ, so that their 
relationships to the serpentinite with whieh they occur can only be 
surmised ; it w’as impracticable to keep the vaiious excavations under 
close geological observation. Most of the rocks have been included 
in the serpeniinite as a result of earth movements. Amongst other 
iuterestiiig types, they include amphibole schists and other mctamor- 
pMc rocks, which, however, are dissimilar from schist recorded by 
Turner and Bartrum (1929, p. 898) from serpentinite about two miles 
south of Silverdale. Various troctolites and dolerites amongst the 
rocks at Harper's almost certainly are connected genetically with tlie 
serpentinite, for these rocks have been recorded froni adjacent 
serpentinite areas by Bartrum (1924: 1944), Turner and Bartrum (1929), 
and Ferrar (1934) along with anorthosite, various gabbros, and othei* 
consanguineous rocks. In addition to sediments, the following types 
of rock have been found at Harper's : serpentlnites, a granodiorite, 
diorites, an epidiorite, metamorphosed anorthositic gabhros, two 
dolerites (one with pigeonite), schists, and various basic lavas. 

Description of Rocks 
(1) Serpentinites 

On the whole, the serpentinites 'at Harper’s show little variety- 
in thin section, in spite of considerable variation in colour and texture 
in hand specimen, often largely in' consequence of earth movements, 
by wMch they have been shattered and at times converted locally into- 
aiitociastic breccias. Their parent rook essentially has approximated to 
duiiite, through bastite in small amount nearly always accompanies- 
the mesh-structure serpentine that has been derived from the original 
olivine ; locally the bastite may be concentrated in phases that repre- 
sent earlier harzburgite . The amount of iron-ore that wm freed d uring 
serpentinlzation of the olivine varies considerably ; picotite generallv 
m present in large irregular sporadic' crystals, while chromite is rare„ 
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Metamorphic Rocks in the Seefentinite 
AT Haeper’s, North Auckland 

(2) "‘Second GerieTation '’' Serpentinite 

A puzzling feature shown by many of the North Ancklaiid masses 
of serpentinite, in particular by those at Harper’s, is the occiirreiice 
of what, for purposes of distinction, may be called '^ second generation ” 
serpentinite. This is usually a fairly hard, dense, dark-greeiiish-black 
material with waxlike lustre, though occasionally it is, greenish-yellow 
in tint. It commonly forms compact veins seldom over an inch in 
width which occupy fissures, but -at times- it is highly spongy in nature, 
weathering where actually ■ exposed at the' surface to a honeycoiiibeci 
mass with whitish exterior studded by small octahedrons of magnetite 
up to 1.5 mm. across. A few feet below this spongy surface material 
one can occasionally find lo bate veins of the dark wax-like phase 
ramifying irregularly in soft earth v-looking pale- greenish- v^liite ser- 
pentinite. Possibly the superficial sponginess results from the 
selective removal of this latter material. 

This second generation ” serpentinite has not so far been found 
to extend downwards beyond a few feet from the surface. 

Thin sections were prepared of the contact of the dark vith the 
pale-green serpentinite and of other phases of this unusual material. 
One made from a dark variety' shows freely what appears under 
ordinary light to be vermicular structure, but which under crossed 
nicols resembles flattened meshes of chrysotile derived from olivine. 
Much of the general matrix of the rock, however, is more or less 
structuieless, though probably granulated, serpentine ; it has small 
patches of carbonate and widely scattered octahedrons of magnetite 
up to 1mm. across. The thin section of a pale- yellowish -green variety 
of this material shows no recognizable structure ; its magnetite is in 
numerous tiny octahedrons and there are rare large crystals of chromite. 
The material of the dark lobate vein and of its host do not contrast 
in section as they do in hand specimen ; -while the dark phase is very- 
pale -I )rown in tint and shows strongly what appears in ordinary light 
to be sub-equal grains about 0,1 mm. in diameter, the other is coloiirles.s 
and only faintly shows this pseudogranularity (Fig. I), which actually 
is mesh sti'ueture, with the liorders of each “ grain ” determined by 
minute veins of transversely fibrous ferriferous chrysotile and the 
serpentine within very poorly hirefringent and irregularly fibrous. 
Scattered octahedrons of magnetite characteiizc both light- and dark- 
coloured phases. 

The origin of this second generation ’’ serpentinite is uncertain. 
Its location only in or bordering superfiiciai fissures appears to preclude 
the possibility of its being a product of autometamorpbism, whereby 
Hess (1933) in an important study explains the serpentinization of 
peridot ites and the concomitant formation of veins of chrysotile - 
asbestos as a result of the work of somewhat acidic residual liquids 
remaining in the mesh of the ultrabasic rock after its crystallization. 
Hess insists that this is quite distinct from later hydrothermal alteration; 
in the rocks that he described this latter produced what he has called 
“ steatitization,''’ which is marked by a characteristic hornblende, 
actinolite, chlorite, talc* carbonate series due to acidic solutions., which 
often appear to have arisen from nearby younger acidic intrusions. 

Information based on magnetometer, surveys and on close grids 
of bores and kindly made available, to the writer by Messrs. J. Healy 
and C. A. Fleming, of the .New Zealand Geological, Survey,' suggests 
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Fig. !. — ‘YSeeoiitl gene rat ioii serpeiitinite. Dark, hard pliase (rigiit) 
invading gTeenisli-wliite soft sorpentinite (lidt). .-Tlie smili opaque 
ni.neral is Kingiietite. (x 42). 

forcibly that tke niinieroixs serpentiiiite l>odieB near Siiverclale and 
Welisford are small, sliallow lenses which are enclosed in soft sediments 
of late Cretaceous to mid-Eocene:;-age and wliieii have disrupted 

from, a few large c^arlier intriisi-ons and transferred to their pieseiit 
locations by earth movements. It is most improbable tliat, during 
this process, they have preserved their original attitude and it is im- 
possible, therefore, to regard the veins of second generation 
serpeiitinite as derived either by autometamorpMsm or by hydrothermal 
action, for, if so, they must have been, formed prior to the dismem.beF- 
meiit of the original nitrahasic intritbions and cannot have maintained 
or attained in all eases the purely superb eial location that they iii- 
variahiy possess in the displaced lenses of serpeiitinite. 

The coiicliisioii emerges, therefore, that this second generation ’’ 
serpeiitinite represents normal serpeiitinite which has been altered 
by down viirds -moving surface waters. It differs from the normal 
rock partly in details of any mesh structure that it may show, but 
more importaiiti 3 " in its possession of isolated well-shaped octahedrons 
-of magnetite. In the local normal serpeiitinites this mineral is 
invariablv in irregular strings of granules such as charaeteristiealh" 
arise during the serpeiitinization of oliiine. Current belief is stroiigh?' 
against the possibility of' low-temperature formation of magnetite, 
unless sticli possibilltj^ exists, the origin of the '"second geneivation’’ 
serpentinite that has been described remains an insoluble paradox. 

{$) ffranodiorite 

Granodiorite is, repi?6sented by rare crumbly blocks up to 9 in* 
across wliidi show fairly prominent small dark patches of ferromag- 
nesian mineral and superficially appear to be eppsiderably -weathered. 
The thin section (Ko. 19) shows that the rock is a considerably crushed 
tj^pe largely of plagioolase (apprommately, Apss) with probably about 
20 per cent, of quartz, though graBulation has affected this latter rather 
than the feldspar, so that' it is har’d to estimate its proportions. There 
ii 'about 5 pet cent, of Motite in small wfeps which have been converted 
;-:ih>e?y large part to chlorite,* • , , ■ 
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Fig. 2.-~-T)iorite (Xo. ^1), showing green hornblende and weathei-ed plaglo- 
, clase. ■(.'■x. ,42)'. ' 


IIaETRIJM. INCLI^SIOXS ■ OF ■ loKEOUS AXD 

3IETAMOKPHIC RoCKS IN' THE SeKPENTINITE 

AT Hakperas, Xo.eth Afck.eanb 


(4) Diorites (Fig. 2) 


Diorites are represented by thin sections Xos. 1, 6, 21. arid 26^ 
and are all very riiiieii alike, exoe'pt that Ko. 26 is ni'iicli coarser in grain 
than the others. The feiToinagnesian mineral is a grass -green horn- 
blende wliicliAAi'ries in amount from about 35 per cent, to 45 per ce'.nt. 
vitii, ill Xo. 26, the addition .of - a little' reddish-brown hiotite, wliicli 
has been replaced to- a considerable extent by ciilorite witli & little 
epidote and iron-ore. The. .ehlorite is mainly the usual green variety, 
but there is also what is taken to be a pale-reddish-brown iiiember of 
this group of minerals. Apatite and iron-ore .are occasional accessories. 
The feldspar generally is very largely replaced btrkaolinite and sericite 
and rare!}' shows more than ghosts of alfoite.. twins. In Xo. 26 it is near 
andesiiie -I abradorite . 


Ill Xo. 1 there are irregular lensoid veins of piagioclase up to 2 in. 
in maximum vddth winch represent pegmatitic invasions. In a thin 
section cut to show the contact between diorite and pegmatite, right 
at the contact there is a vein 3mm. in width composed almost wholly 
of almost colourless granulated .epidote* The crystals of feldspar in 
the pegmatite ma.y be as much as '5mm. across, but are so clouded by 
"^'kaolin” that exact determination of their variet}^ proved impractic- 
able, though this latter is near basic andeslne. Locally there is slight 
granulation of this mineral. The pegmatite also contains a very little 
coarse spliene, a little poorly ferriferous epidote, and about 7 per cent, 
of interstitial finely granulated monoclinic pyroxene, and, near the 
contact with the diorite, blades 'of actinolitie ampliibole tend to enter 
its plagioclase. ' ' 

(5) Biotite Diorite Porphyrif\.(-'' Bioiite Porph^rite) (Fig. 3) 

This rock (Xo,' 24) has numerous somewhat rounded phenocrysts 
of plagioclase from oM mm. to' -L mm.. across set in a fairly coarsely 
granular matrix of plagioclase with about 10 per cent, of pale-brown 
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Fig. 3. — Biorite poi'pliyry ( = porpliyrite) (No. 24), showing rounded anliedral 
phenocrysts of placcioclase (one enclosing shreds of biotite) in granular 
ieldspatiiic , groimclmass, Nicols crossed. . (.x -42). 

biotite which is now mainly almost colourless green chlorite in small 
shreds. ' Zircon and apatite occur in^small quanthy^ along with sporadic 
coarse sphene. The phenocrysts of plagioclase are rarely twinned j but 
almost iiniversaliy show zonal growtli they are somewhat kaoliiiized 
and at times have given rise to. a little iron-poor epidote.'. Their variety 
is approxiniately oiigoclase-andesine. ^ A small vein of zeolite wms also 
noted. 

{^) Epidiorite 

This is a medium- grained sub-ophitie rock (hlo. 3) with basic 
labradorite and brownish-green- uraiite in subequal amount, needles 
of apatite in fair number, and about- 8 - per cent, of coarse iron-ore 
(? iiiagTietite). The uraiite includes ■ small remnants of the o.riginal 
diopsidic pyroxene. Epidio-rites have been recorded from several 
localities in the Ore wa basin, a little over twenty miles to the soiith- 
soiitli-east of Harper's (Turner . and Bartrum, 1920, p. 897), and 
probably aie eoiiiieeted genetically with the serpeiitinltes. 

(7) Gahhros 

(a) Tmeidife . — Troet elites have been found freedy associated 
vitii the North Auckland serpentiiiites (Bartriim, 1944), though 
usually considerably altered. The present example (No. 40) is unusual 
in the relative freshness of its olivine and felds]>ar and in the presence 
of a few flakes of a colourless mlea which probably is bleached biotite, 
siieii as is l^elieved to occur also in rocks described later in this paper. 
About 15 pn*' cent, of olivine occurs usually in isolated crystals not over 
0.5 iiiro. in diameter, but locally is aggregated into masses 3mm. or 
more across. It commonly is fringed by about 8 per cent, of an almost 
colourless monoclinic ptwoxene which has ophitic relations to the 
feldspar. The larger crystals of olivine show considerable unaltered 
cores (Fig. 4), but otherwise there has-been conversion to chrysotile 
in the early main cracks, while within the mesh so formed there is a 
highly birefriiigent pale - yellowish - brown or pale - greenish - brown 
eecondarjf mineral, near bowlingite in its properties, which occasionally 
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is accompanied by a little blms'h-green chlorite and a little carbonate 
(? magnesite). The piagioclase is a basic variety near bytowiiite and 
is often considerably kaolinized.- 

(b) Altered Gahhros. — There are included here an altered troctoiite 
and another group of altered gabbros which differ materially from the 
first, although similar in most respects one to another. 



Fig, 4. — Troctoiite (Xo. 40). Piagioclase to the left ; to the right a large 
mass of olivine largely converted to serpentine and enwrapped below 
by angite. ( x. 42). 

Ill the troctoiite (No. 9) almost all of the original minerals are 
replaced by alteration products. Olivine is represented by numerous 
rounded pseiidomorpbs of serpentine which do not often exceed 1mm. 
in diameter. The serpentine usually is a very pale, almost colourless, 
variety which shows the usual mesh structure and may be accompanied 
by strings of iron-ore. There are a little bastite, some of which has 
carbonate included between its cleavage planes, and rare picotite and 
chromite. The balance of the rock almost certainly originally uiis 
feldspar, but it is now coarse 'abundant aggregates of earbonate 
(? magnesite) which are enclosed in fine-grained general matrix which is 
ill far less amount than the pseudomorphous serpentine. This matrix 
inehides small grains of carbonate in small number and as a 
rule abundant chlorite ; there' appears, however, to he also an unde- 
termined mineral with a few tiny prisms of zoisite. 

A bluish-green ehloritic mineral is not infrequent in flakes wdiieli 
occasionally are as much as 1.5 mm, in length. On account of the 
fact that some of its shreds showed abnormally high birefringence, 
the wTiter sent the thin section of the rock to I)r. C. 0. Hutton, of 
Otago University, wdio assures Mm* that the mineral is one of the 
common chlorites, ‘‘ possibly a negative '.pemiinite.’’ It is obviously 
pseudomorphous after Motite, for' rare small deep-broivii shreds of this 
mineral persist. Its local high 'Mrefringence probably is due to uii- 
replaced Motite, 'for in other' .parts- of the tMn section there are 
occasional flakes of a coIourle^.mioa'wMch is believed to be bleached 
Motite. . ■ 

♦Personal communication. ■ .■ 7 
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111 tiie iiialii group of altered gabliros (Kos. 5, 11, 43, 44) the original 
lerromagnc-aian mineral has been changed by clyiiamie or regional 
liietanird-pliisni to a pale-green, almost colourless, actinolitie ainpliibole, 
vriide iiceorapaiiyiiig biotite has been transformed to chlorite, A 
const ;iiit and interesting feature is the crystallization of iiiimeroiis 
needles of an amphibole of the actiiiolite-tremolite series within the 
boundaries of what' wYre once,' if not now, large eiystais of plagiociase* 
Sometimes the needles lie apparently' with haphazard disposition, but 
more often the;\* are in parallel series which folloiu the planes of eleayage 
(Fig. 5). Dr. 0, O. Hntton, of Otago University, who examined some 



Fig. n-phosed p’ahbro (Xo. 11). In scnith-east hallb allcjed 

]»]aa’M»elas<* en« needles uf actinoMte which are in p»arallel series 

above and haphazardly arranged below. Kefractlve material at npncr 
left is actiiiolite. ( x 42), 

of the thin sections eoneerned, notes’^ that Knsenbnseh (UI07, p. 380) 
records similar permeation by iieedles of smaragdite and epidote of 
the feldspar o{ a enislied gabbro that had suffered extensive mineraiom- 
cal re-arrangement, and that he himself iHiitton, 1936, pp. 30-1) has 
described comparable development of elilorite and actinolite in the 
fissures of the feldspar of a granulated pegniatitic secretion which was 
found as a boiikle! at Lake Wakatipn’^. In the present instance it is 
noteworthy that, in spite of the rocks haidng been affected bj' lov^-grade 
dynamic or regional metamorpliism, their feldspar fails to show any 
significant grannlation, bending, or development of the indefinite 
twiiiiiing iainellae that so commonly appear in cata elastically affected 
feldspars. 

Bocks Nos. 5, 11, and 44 are closely similar one to another and 
probably come from the one parent intrusion ; macroscopicaily they 
closely resemble local serpentiinsed troctolites, for they appear in hand 
specimen to be coarse wMtish feMspathic rocks blotclicKl by green of 
various shades. In thin section the feldspar of No. 11 is k^en to be 
replaced by small irregular crystals of a mineral whicli Mnclly was 
identified by Dr. C. O. Hutton, of Otago University, as a zeolite which 
he suggests may be laiimontite or masotjpe, though precise tests have- 
not been applied. This zeolite also^ forms fairly wide veins with ita 

’^Personal commnmcation. 
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Pig. 6. — ^Altered ? troctolite (Ho* 43K darkly clouded areas are prelscoite, 

the wkitish ones aotlnolite* - ( 'x 


iA*ystals roiigiilv transverse to the veins. In other siieli veins there 
may lie aiialeite in considerable amount along' with zeolite, while a little 
of the fovmer mineral also ocenrs elsewhere’ in th.c rock. Feldspar 
(basic ia])radoiite) that is nnre placed tends to be aggregated in crystals 
about Imin. across, and, in addition to needles of ainpliiboie, is peiie- 
tra teal by iri'egnlarly directed veiniets of zeolite : in rare eases it shows 
slight beiicliiig of its twinning ianiellae'. The fact that the veins of 
zeolite transect the geiiei'al rock fabric show's clearly that l!ie zeolitiza- 
tioii has folio v'ed cataclastic nietaniorphisiii of the original gabbro. 

Ill No. o the feldspar is imaltered but for local generally iiiex- 
teiisiv'e sericdtizatioii, but in No. 44 iiisignfieaiit reinneiits of this 
mineral survive in' a dense matte of alteration products which the 
writer v'as unable to identify with certainty. A little sei icite is present, 
and viiat appears to be prohnite in fairly, large anioniit,, as 'well as tiny 
scales of a iiiiiieral which, from its ^ ioiv refractive index and low 
lirefringeiice, is likely to be a zeolite:., y In some., of the rocks a ciino- 
'zoistic epidote mineral may be present in moderate amount ' as a..' 
derivative of the feldspar. 

Feldspar or material replacing it comprises about’ 70 per cent., of 
the gabbros described in this section: with it there is about 15 per cent, 
of a very-pale-green actinolitic ainphibole w'hicli usually is in cliai’ac- 
teristic bladed crystals. Almost colou:riess cliioiite wiiicli apparently 
is pseiidoiiiorpiioiis after biotite is fai:rly plentiful, especially in No. 44, 
where there is at least 15 per cent, of it associated, as in others of these 
rocks, with very siiiail granules and narrow' prismatic crystals of a dark- 
brown highly refractive mineral wdiicli. appears to be zoisitc or closel}^ 
allied member of the epidote'-groiip of minerals. The chlorite masses 
may include flakes of a white.. mica wdiieh is lielieved to bo bleached 
biotite and is especially plentiful . in .No. 11 (a). Iron-ores and other 
usual accessory minerals are praetica.,lly absent. In one or tivo thin 
■sections tale occurs, amongst the secondary minerals, particularly in 
No. 11, Aviiere also there are occ.asio.nal patches of deep- green serpentine 
ivMch probably is pseiidomorphoiis after olivine. 
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E/Ock No. 43 was found as a block about 18 in. in average dimension ; 
parts of it are relativeli' leucocratic and more or less resemble local 
altered troctolites, but the main mass is dark and is seen in thin section 
to consist of actinolite (about 60 per cent.) and of a mineral clouded 
by decomposition products which is taken to be prehiiite (Fig. 6), 
and has the same optical properties as a similar mineral recorded by 
Bartrum (1944, pp. 29 and 32) in troctolites elsewhere in this northern 
region, though it is in much larger crystals. Small grains of zircon. 
are not infrequent and veinlets of serpentine traverse the rock. 

The leucocratic phase of the rock has about 15 per cent, of actinolite 
along with a subeqiial amount of very-pale-greeriish-brown chlorite in 
fairljr large flakes which appear to be pseudomorphous after biotite. 
There .is crude parallelism of elongated crystals both of chlorite and 
actinolite (Fig. 7). 



Fig. T. — Lt?iicocFatie phase of the rock of Fig. 6. Local sub-parallelism of 
actinolite (A) anti chlorite (0). Speckled dark material is altered 
piagioclase ; S is a vein of serpentine, ( x 12). 

The feldspar of the now- metamorphosed gabbro that this rock 
undoubtedly represents is now a mixture of several minerals. Prehiiite 
is in considerable quantity both in veins and widespread along with 
what appears to be the same zeolite as in rock Xo. 11, locally abundant 
chlorite in tiny shreds ^ and a small quantity of a clinozoisitic epidote. 

According to Marker (19S2), serpentinization and development of 
ampHbole from ultrabasic and associated rocks are characteristic 
products of low-grade regional metamorphism. On account of the 
frequent saussuritization of the feldspar of troctolites enclosed in many 
of the serpentinites of North Auckland, with the production particularly 
of prehnite and zoisitic epidote, the wrriter has been inclined to believe 
that serpentinization has been effected by volatile constituents arising 
during the late -magmatic stage of injection. This is contrary to the 
view of Hess (1933) and others, who ascribe it to autometamorphism, 
or alteration by interstitial residual liquids. 

The altered gabbroid rocks now described seem definitely to be 
the product of dynamic or low-grade regional metamorpMsm, par- 
ticularly as some degree of parallelisin of elongated minerals is shown 
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by one of them (No. 43). Subsequent to the formation of .actinolite 
from earlier feiTom,agnesian material there has been, however, the 
passage through the rocks of the fluids that caused the zeolitization, 
that is so well shown in No. 11. 

In view of the association locally, as is commonly the case else- 
where, of troctoiites and other gabbros with the serpentiiiites, it is 
illogical to postulate that the present regionally metamorphosed 
gabbroid rocks were other than substantialh?- contemporaneous with the 
first-named unaltered rocks. If so, it is necessary to consider how 
one group of rocks could have been regionalh" metamorphosed while 
other coeval similar rocks remained unaltered. The regional meta- 
morpiiism almost certainly was accomplished during folding and 
thrusting movements which, as noted earlier in this paper, have dis- 
rupted larger iiltrabasic intrusions into discrete small lenses which 
have been carried from their parent mass until to-day they freely 
spot the weak late Cretaceous or earlier Tertiary sediments by which 
they are enclosed. . These orogenic movements probably were a late 
phase of those ■ which, on analogy elsew'here (Benson, 1926), favoured 
the intrusion of the ultrabasic masses, and their associates. All change 
that these rocks have suffered since their injection, ivhether it be 
serpeiitiiiization, zeoJitizatxon, development of actinolite, or ' other ^ 
alteration, must have taken place prior to emplacement of their masses 
in their present locations ; the uniform serpentinizatioii that is 
demonstrated, for example, could not have been effected upon a, host 
of fairly widely separated 'small bodies., ■ 

It is suggested, therefore, that subseqtient to serpent mizatioii, 
wliether the latter was by volatile const itiients. escaping upwards from 
subjacent magma or by autometamorphism, acute compressive move- 
ments came into operation, but were unable to build up notewnrthv 
stress in the weak incompetent late Cretaceous and early Tertiary 
sediments of the region except where they were invaded b}’ major 
basic intrusions. It is believed that fluids that had arisen from the 
magma that was crystallizing below had already serpentinized the 
peridotites and that these latter were thereby lendered sufficiently 
incompetent to protect small enclosed gabbroid intrusions from the 
incidence of severe stress, so that the rocks of these latter wmuld fail 
to show the actinoiitization that characterizes the altered gabbros that 
have been described. Zeolitization, which has been shown above to 
have followed regional metamorphism, must also have occurred before 
the parent intrusions represented by these altered rocks ivere dis- 
membered by the orogeny. 

Although the matter must remain in doubt, the wuiter believes 
that in some of his altered gabbros, the' amphibole has been derived 
from earlier pyroxene' and in others- from olivine. For example. No. 5 
is likely to have been a normal gabbro with the usual pyroxene, for its 
feldspars are almost unaltered and in this, respect contrast with those 
usual, though not invariable, in the local troctoiites. In No. 11 the 
presence of earlier olivine is indicated -by, occasional pseudomorphs of 
serpentine'; this fact suggests that- actinoiitization' of pyroxene here 
followed serpentinization of .oivine,; 'for’ one could ''’not' expect 
differential treatment of the original olivine whereby some of it 'Was 
converted to serpentine, though most of its crystals , were changed to 
actinolite. The remaining rocks (Nos. 43 , 44) of this group, however, 
probably represent earlier troctoiites,, to which the olivine has been 




S. — Doleiite (No. 16). Snfo-euliedral titaiiiferoiis ani^ite in a coa.rse 
matrix of laths of x^lagioclase with chlorite (pale-gniv) in the iiit erst ices. 
(X 42). 
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iiietaiiiorpbosed to ampMboie, for in favour of this suggestion is the 
fact that the vviitcu’ lias found other troctolites (Bartriim, 1944) in 
which needles of actiiiolite occur in small number witMn the boiindaiies 
of crystals of serpeiitinized olivine, while co-existing diallage is iiii- 
affected. Dr. G. 0. Hutton has mentioned to the writer* that Finlayson 
(1909, pp. 374-5) lias recorded the derivation of Hew Zealand iieplirite 
from olivine, while Flett and Hill (1012, p. 71) have suggested that the 
tremolite of certain rocks that they described may in part have been 
developed from olivine. In addition, H., H. Head (1931) has described 
the production of tremolite from olivine in 'manner similar to what is 
seen ill oceasioiiarHortli 'AucMand troctolites. 


The augite encloses small grains of brown hornblende, by which it is 
occasionally outgrovm terminally, though more often its crystals have 
a limited extension of fibrous greyish-brown uraiitic amphibole. There 
are sporadic large irregular crystals of iron-ore { ? ilmenite) and, in one 
rockj, needles of apatite are numerous, though infrequent in the other. 
About 15 |>er cent, of green chlorite occupies the interstices between 
laths of feldspar as well as being dispersed within these latter. A bluish- 
green chlorite, which occurs perhaps to the extent of 6 per cent., appears 
at times to have been derived from earlier ampMbole ; its main source, 
however, has been reddish-brown Motite of which a few small remnants 
survive. One or two pseudomorpbs of green chlorite have form and 
fracture that suggest original olivine. 


(8) Bolerites 


A dol elite represented b 3 " rocks Hos. 16 and 17 is a coarse-grained 
type with from 16 per ■ cent, to over 30. per cent, of titaniferous augite in 
stout, soniewliat eiiliedral ciyvstals, generally" from 0.5 inm. to 1 mm. 
ill length, which have sub-ophitic and poikilitic relations to the feldspar 
(ha-sic labradorite), wliick is the niaiii constituent of the rock and is in 
latli-sliaped crystals wliicb seldom exceed 0.7 mm. in length (Fig. 8). 


*Personal communication. 
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Thill sections Nos. 2 and 29 are. of altered, stronger ophitie, coarse- 
graiiif^d olirine dolerite wMcli is of particular interest in that its aim os t 
colourless pyroxene includes pigeoiiite 'and siibcaleic aiigite in addition 
to aiigite. Locally the pyroxene ■ majr be aggregated to exceed 40 jier 
cent, of the l)iilk of the rock, though elsewhere it may be scarce. A 
little lorown biotite is present, but ehloritic replacements of it are 
al)iindaiit, especially in parts, of the rock where the eontcmt of pyroxene 
is reduced. Greenish- hr owii.liornbleiide also is not iineoiiimon, while 
there are oecasioiial crystals. of titamferous' iron-ore with which granules 
of si'fiieiie are associated, while rare isolated large wedge-shaped crystals 
of this latter lyere noted in No. 2. Long needles of apatite are plentifnl 
on No. 29, but scarce in No. 2. The olivine has been relatively plentiful 
(d 10 per cent.) and tends to be aggregated, often with ciiloiitic replace- 
ments of biotite, in parts of the rocks in which there is' a reduced 
proportion of pyroxene. It has been in somewhat small irregular 
crystals, now eoiiverted wholly to. tale, iron-ore, and usually a little 
green .chlorite. This last mineral is fairly freely distributed even 
wdiere not obviously, derived from- biotite.- The p^i'oxene not iin- 
comiiioiily is fiinged by the same of uralitic amphiliole as was 

iioteci in the earlier-described cloleiites, especially No. 2. 

Miieii of the plagioclase (basic labraclorite) has been replaced . by 
various products . Particularly iiiNo. 29 there is abundance of a brown, 
often poorly translucent, almost isotropic material with niiicli loA^er 
refractive index than Canada balsam ; this probably is a sneolite, for 
undoubted zeolite is distributed widely, with scales of chlorite and 
also constitutes transecting v.eiiilets in No-.: 29. There is also a mineral 
in very finely crystalline state which is general in No. 2, although less 
so ill the other thin Bection, and may vary, from deeply clouded to 
tinnsparent ; it is possibly kaolinite..: ■ 

The determination of pigeonite and subealcic augite very kindly 
has been made, on the wTiter’s suspicion of its presence, by Dr. C. 0. 
Hutton, of Otago ITii versify, wdio obtained the following values for 
2V on the universal stage in sodium light (this latter because of strong 
dispersion in the pyroxene) : 42 ; 46 ; 45 ® ; 46 ® ; 46 ° ; 41 ® ; 19 ° ; 40 ® ; 
50 ® ; 45 ° ; 21 ® ; 44 ® . He states also* that the birefringence determined 
by means of the Berek compensator is 0.025 (pins or miiuis 0.003) and 
that the angle Z to c by the method of Nemoto (1938) is 43®. 

Recently Benson (1944, pp. 111-8) has made a survey of the 
literature of pigeonite, and accepts the view of Barth, Hess, and others 
that tills pyroxene occurs only in the quickly cooled rocks, although he 
favours the suggestion that the cause may depend rather on the content 
of volatile constituents in the magma than on the rate of cooling. The 
present writer (Bartrum, 1944, p. 33) already has recorded the occurrence 
of pigeonite along with augite- and , a little hypersthene in an olivine 
gabbro which is associated in its area of occurrence with North Auckland 
serpentinites. The present' recogmtion of pigeonite and subealcic 
augite ill a dolerite adds further demonstration that these pyroxenes 
are not restricted to the quiqidy,,'- bodied rocks and perhaps supports 
the suggestion noted above' that -the factor that determines their 
crystallization may be the 'cqu'tenh- of .volatile, bonstituents in the 
crystallizing magma. ‘ " ..a' "4 ’’ 

♦tetter of 15-3-47V 




Fig. 9. — AmpMbole scMst fHo, 14&), ■•witli its plagloclase severely speckled 
by weathering, (x 42). . 
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(9) Basic Lavas and Intermediate Igneous EocJcs 

Altered basic lavas and other,, sometimes indeterminate, igneous 
rocks occur among the blocks found at the dump at Harper’s, Weilsford, 
but have been given only casual attention. Those sectioned' include 
one which is almost wholly opalized and others with abundant 
aniygduies of calcite w^Mch have their counterparts farther south in 
blocks at the foreshore at Orewa Bridge, on the northern liighway 
(Turner and Bartrum, 1929, p. 898). No. 42 appears to represent a 
crashed opMtic aphyiic coarse-grained basaltic lava with nests of 
uncrushed rock set in a granulated matrix. It has a relatively large 
amount of dark-brown, almost opaque, chloritic material dusted by 
tiny specks of iron-ore, which occurs interstitially betiveen laths of 
plagioelase ; this may be taken to be a phase of palagonite. 

No. 41 is a feidspathic igneous rock which the writer was unable- 
to' classify and w^hich has been so crushed that only a tew crystals of 
greatly kaolinized feldspar some 3m.m. across survive as eyes ” in,, 
the general finely granulated matrix. There are numerous' broken 
crj^^stals of augite., which generally are very small, but occasionally 
are as much as 0,5 mm. in length, and rare fragments of brown, horn- 
blende. Green cldorite is abundant in patches, and locally there are, 
narrow veins and other fillings of almost colourless serpentine. 


(10) ScJiists 

Small fragments of amphiboie schists were noted freely at Harper’s,, 
and one large block (No,T4) about 7 in. across which shows small-scale 
foldi,ng well. ■ The m,ajority of the schists appear maeroseopically to be- 
identical and only a few, therefore, were sectioned. No-. 14 has a 
number of leucoeratic layers most of -wdiich are very thin (though one 
is in. across), and other tliiii layeie enriched in pearly thin-bladed 
c,rystais' of actinolite with mean refractive index approximately 1.640,. 
so that its content of FeO is about per cent. The thin sections show’ 
that this rock has layers alternately enriched in actinolite or plagioelase 
(Aiig^ to Aii 4 ,o), w’hich latter is maiiiH in untwinned, considerably 
weathered grains averaging about 0.2 mm. in diameter (Fig. 9). There 
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are occasional large crystals of plagioclase 1mm. or more across which 
probably are residual from the original basic igneous rock now repre- 
sented by this schist. Pale-green, almost colourless actinolite 
constitutes about 40 per cent, of the rock and is in sub -paralleh blades 
which usually are under 0.5 mm. in length,. There are rare grains of 
sphene and small prisms of zircon, while a little chlorite appears here 
and there. 

In No. 28 the ampMboie is in less amount than in the last rock 
and is grass-green in colour, while the feldspar (Aiigo) is in much 
coarser grains. In the tliin section of No. 7, which otherwise is similar 
to that of No. 28, there is a large aggregate over 3 mm, across of crushed, 
almost colourless augite ; the same mineral also occurs in rare small 
strings of granules. 

These schists are not the first that have been recorded from ser- 
pentinites of this northern region, for Turner and Bartrum (1929, 
p. 898) describe a diopside-piagioclase schist which was found as 
inclusions in serpentinite near. Silverdale. There are schistose aii,d 
gneissose diorites amongst the varied rocks of the so-called Albany 
conglomerates of Waitematan (mid-Tertiary) age of adjacent areas, but 
they result merely from cataclastic granulation ; the closest analogy 
to these schists in the serpentinites is in very varied schists, some of 
high grade, found as xenoliths in andesitic intrusions about one 
hundred miles farther north at Whangarei Heads (Bartrum, ,1937). It 
is clear that the metamorphic basement that supplied these schists 
had very considerable extent. If it may be coiTelated, as . .appears , 
reasonable, with the Otago, metamorphic terrain, its age ,is 
approximately early Pa.laeozoic.' , " 

Source of Inclusions in the Serpentin„i;te at .Haepee’s .■ 

M.aiij’’ of the rocks that have been described in this j^aper are 
associated geneticalljr with the serpentinites ; some, indeed, such' as the 
troetolites, .are coiist,aiitly found as intrusions in these latter. Others, 
notably the schists, a granodiorite, diorites, and biotite-diorite por- 
phynu have no direct genetic connection with their host. The source 
of the schists has already ].)eeii discussed ; that of the others is either 
in pre-existing igneous masses that have been involved in the thrusts 
and other orogenic movements that dismembered early large ultrabasic 
bodies and caused thenl to appear to-day as numerous, isolated, small 
lenses, or in conglomerates that contained suitable boulders. No 
conglomerates of constitution that could supply the inclusions in the 
serpentinite at Harper’s and that antedate theorogeny have yet been 
found. On the other hand, diorites and gi-anodiorite comparable 
with those found amongst these inclusions occur freely in the post* 
orogenic Albany conglomerates. The presumption is,, therefore, that 
the batholiths which supplied the’, plutonie rocks to the Albany 
conglomerates were in existence prior to' the orogeny that complexly 
disordered the Onerahi (late Cretaceous to mid-Eocene) sediments. 

As suggested on an earlier page, the. ultrabasic intrusions probably 
accompanied early phases of these earth movements. 
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NOTHOFAGUS POLLEN FROM THE CRETACEOUS 
COAL MEASURES AT KAITANGATA, 
OTAGO, NEW ZEALAND 

By M. T. Te PirxoAj Yictoria University Goliege, Wellingtoii' ^ 
{Mecetved for ptMicafioni 26 (h June, 1947 } 


Summary 

^^Nolhoftmis pollen from- 'the Newr’ Zealand Cretaceous' at 
Kaitaiigata is dc^sciifeed as' a new species, Nothofugm Iraitangaia. 

Tiie domimince of a six pore number shows closer affiiiitT to living 
South American species than to present New Zealand species. This 
IS apparent ly t he firat record of Noihofagus in beds known t o he older 
than Tertiary in New Zealand* 

Intkobijotiok 

,Thb history of tho Fayaeme ia the' Bouthern HemiBphere has long 
been an intriguing subject of botanieai enquiry. At' present the 
faimly m represented in hTew Zealand by a single genus, Nothofaym. 
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Te PijnGtA, — NotJiofagm ^PolIxE^.^ from the 
Cestaceoes Coal ^^Ieaseres' at Kaitahgata, 

Otago, New Zealand, . 

Living representatives of this genus, which is confined to the temperate 
portion of the Southern Hemisphere, ■ are also found in Tasmania, 
Australia, and South America (Cheeseiiian, 1025).' 

Et tings hausen's determination of- which is essentially a- 

Northern Hemisphere genus > in the , Tertiary of New Zealand and 
Australia has been the focal point of considerable coiitrovers^n The 
reader is referred to CranwelFs important ’ account of southern beech 
pollens for a summary statement of our- -present knovrledge of the 
Fagns f|nestioii (Graiiwell, 1939). In this paper the author is mainly 
coiicorned with establishing the presence^ of Nothofagus in the New 
Zealand Cretaceous. It maj^ be no-ted here,-- - horvever, that careful 
stiicly of the abundant and well-preserved ■ pollens in Nevr Zealand 
coals and lignites from Cretaceous to Quaternary age should promdc* 
solutions to many of the problems . concerning the history of the Fagaceae 
ill this country. „ . ■ t 

Notliojagus poilen has been recorded from the New Zealand Pliocene 
at Whangaiiiarino and'Kaikorai (Cranwell, 1939) and from the New 
Zealand Oligoceiie (?) at Ohai (Te Punga,. 1945). Cranwell (1940) 
noted that Notliofagus pollen was present in ' coal samples from the 
Eocene of Westlaiicl... : 

Age of the Kaitangata Coal 'AIeasitees 

The sequence of beds in the Kaitaiigata district .was .found, by 
'Oiigley (1939) to,' be. as follows:-— 

Age • 

4. Wangaloa Series Daiiiaii ' -,T ,- 

3. Brig.htoii Series ......... Upper Senoni an | , 

2. Ta,ratu Series ■ P.robably Lower ;> Upper Cretaceous, 

Senonian or Turonian I 

1. Kaitcingata Series .Probably Turonian . J 

“ The Kaitaiigata Series is a set of thick beds of coarse congioBieratc^ 
separated by thin, finer conglomerate and pebbly sandstone and 
contains the well-known coal-measures of Kaitaiigata ..... No fossils 
were found, so their age cannot be directly determined. They are, 
however, the first beds deposited after the Hokoniii orogeny and so 
are later than Jurassic. They also underlie the Brighton fos- 
siiiferoiis bed and so cannot be later than Cretaceous. The Hokoniii 
orogeny probably endured a considerable time and the interval between 
the Kaitaiigata and the Brighton was comparatively short, so that 
the Kaitangata beds are not nmch older than the Brighton ones and are 
probably Turoiiian.” ' ' ' ’ 

Pbepabation’ OF Material 

The coal examined was a roof-to-floor sample from Samson’s Dip 
Section, Kaitaiigata (C.S* 273). This materia! ivas obtained through 
the courtesy of 3'Ir* W. G. Hug-hson-of the Coal Survey, Department 
of Scientific and Industrial Research. ' The pollen was separated from 
the coal matrix using the method outlined by Te Fimga (1945), and 
after staining with basic faohsin,' twelve, glycerine Jelly mounts w^ere 
prepared (slide nos. 273/1 ■- to '273/12)., The remainder ‘ of the pollen 
concentrate was stored for future ''reference., in a solution of ,10 per" cent, 
glycerine to ivhich a small crystal of phenol had been added. ,, „ . 



34 


The H.Z. Joubnal of Science and Technology [July 


Bescbiption of the Nothofagus Pollen 

All tiie grains liavo been considerabiy flattened by tbe pressure 
to wliich tlie coal sea, in has been subjected. The apparent shape and 
size is thus a distortion of the original form.. However, if the material 
has been compressed vertically without horizontal distension (Walton, 
1940, p. 8) the distortion in proximal, distal, or side views may not be 
very great. Nearly all the grains have been compressed with their 
equatorial planes paralM to the bedding planes so that only polar views 
are preserved. So far only one grain (poorly preserved) has been 
noted in which the equatorial plane was apparently perpendicular to 
the bedding plane, thus presenting an equatorial view. The description 
belo'w is therefore based on polar views. All the grains so far observed 
have'' been ruptured along the furrorrs — apparently those not ruptured 
before eiitombment were ruptured by the later compression of the coal 
sediment. 

■ Nothofagus haitangata 1) 

■ Grain rounded, but somewhat angular due to fissures produced bj^ 
.rupturing. a,iong the furrow’-s. -Equatorial diameter, as measured in 
polar view, ranging from, 23-38 mu, the majority lying between 27 and 
30 mu (average -size of 50 grains, 28 inu). 

The ruptured grains show clean, gaj)ing fissures, averaging 3-5 mu 
in depth, arra,nged symm.e tricall y around the equator, the distance 
between adjacent fi,ssiires being 'about 15 mu. 


Pore,s 5 to 7 in number, the majority having 6. Two counts, each 
of .50 grains, gave- the following results . 


N'u'mbe'r ot Pores 

i' 4 

5 

6 

7 

8 

A. Slides 273/1-273/6 ......... 

0 

i ' 4 ^ 0 / -■ 

; 

-.34% 

12% 

0 

B. Slides 273/7-273/ 13..„ ^ 

-o;. ■ ^ 

00 ■ 

80% 

12% 

O' 

Average 

0 

60/o 

82% 

12% 

..- .0' ''. 


Exiiie very thin, approximately 0.5 niu, evenly covered with tiny 
pointed papillae, each papilla being about 0.75 mu across the base and 
0.75 inu in height. Distance between tips of adjacent papillae about 
1 mu. Approximately 80-90 papillae per iOO sq. mu. (As measure- 
ment of the tiny papillae and their spacing is necessarily approximate 
only, the author suggests that for Nothofagus pollen quotation of the 
number of papillae per 100 sq. m\i of exine would facilitate comparison 
of the eoiieentratioii of the papillae in the various species). 

Because of the manner of its preservation Nothofagus kaitangata 
presents only three ciiaraeteristie features for comparison with other 
species— size, pore iiuinher, and omamentation. CranwelTs brief 
description of Nothofagus ulesBundrii (CTamvell, 1939) stating that 
the pollen is .026-. 030 mm., tliin walled,, delicately flecked, and has 
5 to 7, but usiiaily 6 pores/^ could be applied in general to Nothofagus 
haiimigata. However, without more precise information on the thick- 
ness of the exine and the nature bf the ornameiitatioii the comparison 
cannot be carried further. Of the other species described by Craiiw’'ell 
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Cbetaceous Coal Meashbes at Kaitangata^ 

Otago, New Zealand 



<1 ■ i il lin g 

,:0 ZO 30/1 

Pig. 1 : A. — Polar view of raptured grain sliowiiig typical sliape' and 
ornamentation. 

B. — Ornamentation : 

( 1 ) 111 surface view at high adjustment. 

( 2 ) In surface view at low adjustment. 

C. -— A single papilla showing- shape in lateral vieiv (not to scale). 

-(1939), only Nothofagus pumiUo has a dominant six pore niiiiiber,.biit 
unlike Nothofagus Imitangata the exine is ''almost, if not wholly, 
•smooth.’' - 

Cranwell (1939) noted that the pores of the living South American 
■species ivere fewer in number than in' the New Zealand series 
Nothofagus tnmcata until maxima on six and seven pores being the only 
New Zealand species which approached the low numbers of the South 
American group. Nothofagus kaitangata, with its dominant six pore 
number, thus shows a closer affinity to the present South American 
•species than to any living New Zealand species. ■ ■ 
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THE WANGANUl-WANGAEHU IRONSANDS 

By J. FiNCii, X.Z. €4eoiogical SniANny Department of Seieiitific and 

Industrial Researcii 

{Received for publiccdion, 20!-h dlarch, 194.7) 

Summary 

An examin-rlioii of the coastal duiie^ sands between Waiigamii 
and tVanyaelni Kh-ers indicated, tlaey are very lew in iioii-ore 
coiiterd. A detailed inineralogical analysis she^wed ilie greater 
ixirt of tD*se sands is derived from Teitiary sedimeiits aud volcanic 
in tlie upper readies of tlie "Wanganui River. 

iNTEODirCTlON 

Within recent years intensive efforts have been made in this country 
to utilize the titaiiiferous iroiisaiids in an iron and steel indiistiy, and 
it was believed that the valuable rnetal vanadium eoriid become an 
important t'yv- product. Although the areas so far investigated have 
shown a reasonable concentration of iron-ore, there are, nevertheless, 
as shown hr Wylie (1037), Hutton (1940, 1945), and '^Iiinro and Beavis 
(1045), certain inineralogical and metallurgical aspects that eoiiipiieate 
the project economically. , In the light of. this previous woi‘k the 
aiitlioi: has i,iivestigated the possibilities of , turning to use the iron- 
bearing sands oeeiirriiig betwee.n Wanganui and WTiiigael'ni Rivers, for 
it has been suggested that these sands might be of considera}>le value 
should an linri industry beconnvestabiislieci. 

■ Previous Work 

As far as the aaithor is aware, nothing has been published dealing 
vitii the economic or inineralogical aspects of the iroiisaiids now under 
consideration. It should be noted, however, that Park ( 1 887 ) described 
them as blown sands of voleaiiie and sedimentary origin, and Cockayne' 
(1911) discussed them very 'briefly during the coinse of an ecological 
study of dune sands in New Zealand. Neither of these Avrit ers "tjon- 
sidewecl the iron-ore present in them as worthy of mention." 

Area iNVESTrcATEB . 

Tlie present ^author made a preliminary inspection of the ivhoie 
coastal strip lying letAveen the Wanganui and Wangaehu Rivers,, 
bounded on the north-east by the main 'WanganiiDMatton Road; 
tills area covers about 15,000 acres. A considerable portion of the area 
nearest the main road, was found to be completely tie void of any sand, 
and therefore vais not considered any further. 

General Topograrhy" Anb Histribotion of Sand 

Iiiimediately^soiitli of Wanganui Elver, in the Laiidgnard Bluff 
Putild Cliff vicinity, the ironsandS' are observed to be resting on Pliocene 
and Pleistocene^ (?) bedded sandstones, grits, clays, and conglomerates. 
From this locaiitj? the land-level drops sharply in the direction of the 
coast, but more gently towards Kaitoke Stream. The coastal strip^ 
from W'anganui Riir'er to Kaitoke Stream and extending inland for 
distances ranging from 3-20 chains is composed entirely of very recent- 
loose sands with no indication anywhere of underlying formations. 
(This is area (A) in Fig, 1). ' A higher sand-covered belt that is initiate 
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at Laiidgiiarcl Bluff continues intermittently, roughly south-east, as 
far as Waiigaeliu Eiuer. The northern limit of part of these sands is 
marked by a number of small lakes situated along a line oriented 
appro 50.121 ateiy north-west between the two main rivers. Inland from 
this cliaiii of lakes the country is devoid of dunes or recent sands. 
From this line the land-levels drop towards the beach with an irregular 
oTadient, this uneven surface consisting of loose shifting sands in some 
areas, fixed dunes in others, clay and cemented horizontal sand forma- 
tions of varxfing types, and also swamps. The area drained by Kaitoke 
Stream extends well inland towards Kaitoke Lake and is relatively 
flat country covered in some places with older sands of unknown depth, 
but generally consists of good grazing land. Between the Kaitoke 
Stream and the mouth of Wangaehu River most of the coast-line is 
raised a few feet above the present beach-level. The greater pro- 
portion of the coastal area south-west of the creek is covered with a 
variety of sands, but, nevertheless, there are to be found isolated 
patches where the sand has been entirely removed b 3 ^ wind, or, 
alternatively, on which sands, have never been deposited ; evidence of 
the latter possibilit,y is to be seen in the presence of mesa ” like- 
formations, (Fig. 2) up to 200 jsbvds long, occurring at various localities 
over the more' seaward and eastern limits of the area under discussion. 
These prominences, composed of claystones, grits, and conglomerates, 
are older tliaii, and appear to -lie conformably on, the land surface on 
which the shifting sands are -now resting, and thej?* are high enough 
above the surrounding sands to be completely devoid of them. 



Fig. 2. — A coastal view showing a typical “ mesa ” like formation approxi- 
mately 200 yards lonu covered with scrub. An extensive area of lag-gra.vel 
occupies the low'er ria'ht foreground. In the middle foreground irregular 
dunes separated by smaller la-g-gravel flats are visible. 

Referring again to clay and cemented formations of various t^^pes, 
we iniist remember that these are not necessarily 'associated with the 
mesa ’’ like formations and that thejr are irregularly distributed over 
most of the waste area concerned in this investigation. They 
best be described as usually low^-lying patches, devoid of sand, and 
consisting of clay-pan or hard-pan .with underlying loose sand or clay ; 
also, some previously sand-covered horizontal clay and grit formations 
have been exposed at irregular intervals through the action of flood- 
water and wind. 

Several small creeks drain very localized areas and some of the 
s'wamps, but do not appear to be- flowing continuously, and cannot, 
therefore, be regarded as important topographic features. Kaitoke 
Strea 2 n,^and two small creeks make up the surface drainage system of 
the major portion of the area under consideration. 
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The sand-dunes are very irregular, and hence complicate still further 
problems concerning the commercial utilization of the ironsand. As 
pre\doiisly mentioned, 15,000 acres of country have been examined, and 
for the purposes of this discussion may be sub-divided as follows 

(1) 7,000 acres of old permanently fixed sand-dunes in addition 

to valuable grazing lands devoid of any sand. 

(2) 8,000 acres of sand-dune' areas and other waste lands that 

might possibly be considered from the commercial point of 
view. Witliin the latter area, however, there . are about 
3,800 acres of swampy areas, clay and iron- pan formations^ 
and other areas free of sand. In addition, irregularly dis- 
tributed patches of scanty vegetation, although occurring 
on the sandy areas, are useful for grazing. 

Therefore it is clear That considerably less than 4,200 acres of 
suitable land are available as a source of ironsand, and it is of the 
greatest importance to remember that this does not occur as one Flock 
it is distributed irregular! j over the whole 8,000 acres. 

While it is usual for the swampy areas -to be situated within or 
adjacent to extensive dune areas, the depth of sand within, these 
swamps is very uncertain. It is the writer's opinion that this may .not 
exceed 1 ft,, for undoubtedly some of the. more no,rtheriy swam.ps 
appear to have no sand in them. At one locality (marked G ” on the 
map), a few chains from the beach, running water seeps from the 
nearby sandy swamp area and it appea.rs to originate, from the upper 
■surface of a hard clay-p.an, 4-5 ft. below, ground-level. This suggests 
that the possible depth of sand in this particular s'waiiip is about 2-3 ft. 
A further indication of the depth of sand on the coast is obtained at 
point “ D " (see Fig. 1) where an outcrop of green mudstone is found ; 
this appears to be horizontal and there is nothing to suggest that it 
does not lie under the beach sand and possibly extend inland, in wMeh 
ease the depth of sand would be limited considerably. 

In summing up, therefore, it may be said that reasonably exploitable 
ironsands covei* no more than half of 8,000 acres, and these sands are 
grouped as follows : — 

(1) Glean shifting sands ranging from 1-40 ft. deep and grouped 

into a few areas : 

(2) Dunes temporarily and loosely held by lupins, pingao, and 

marram grass; the depth is very irregular, and a wide variety 
of dune forms* occur (Figs. 3 k 4). Although some of these 
have a haphazard distribution, there are, nevertheless, two 
well defined unbroken areas containing this type of dune. The 
fii'st of tliese dune systems occupies that portion marked 
Area (A) in Fig 1, and described earlier in this paper ; the 
second system of dunes makes 'up the coastal strip about 
20 chains wide, and extends from Wangaehii Elver mouth 
north-west along the. coast for twm miles (see Fig. 1, Area (B) : 

(3) Extensive areas of fiat, low-ijing sand partly under shallow 

water and partly covered by bight and heavy vegetation. 
For w^ant of further information the average depth of sand 
ill these areas has been assessed, at 2 ft. : 

(4) Distinct from the sands considered under (3) there are afforested 

areas which would re’quire special consideration if any attempt 
-were made to recover sand from them. 

*Many of those described 'by- Cockayne in Parliamentary Fapem 
can be observed in tike Wanganui-Wangachu sand-dunes# , . . 
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iV vie\T looliing sotitli'towai*<is the coast, showing a typical swamp 
hat hounded by sand-dunes. 


A view looking seawards, iEustrating the irregular distribution of 
sand-dunes in semi-swamp areas. 


Quantity oe Ibonsand 

Tbe figure of 16 euMc feet per ton was used to ealculate the weight 
of irons aiidB considered, and the following figures have been obtained ; 
Shifting dunes, afforested areas, and isolated Tons 

patches of loosely held sand ™ • _ 53,300,000 

Large stretches of lightly held dunes (Areas (A) 

and (B) _ _ 12,000,000 

Mat, low-lying san<fe 4,300,000 

Total quantity — _ _ 69,600,000 
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Beach Concenteates 

111 addition to the dnne-saiids described above, beach coiiceiitra- 
tioiis of ironsaiids occur. They coiiimence at the iiioiitli of the 
Waiigariiii Elver and extend south-east three and a half miles along 
the beach. The black sand here was found inv£iriably buried below a 
veneer of iiuicii lighter coloured sand. In view of the highly variable 
tliickiiess of the overlying sand and; the irregular volume of the iroii- 
■saiid and its erratic concentration, an estimation of the quantity of 
iron-ore can be only very tentati^^,./ lit the mouth' of Kaitoke Stream 
the concentration of ironsand reaches a maximum, and the volume of 
■sand is therefore of some importance. The very high concentration 
of this particular ironsand is, however, extremely local, and its 
miiieraiogical assemblage is unique for this. area. The total weight of 
these beach concentrates has been estimated by the author at 13,00'0 
tons, but owing to the action of sea and wind, this quantity will vary 
eonside'iubly finm time to time. 



Gbading Analyses ■ 

Eleven samples of representative sands wwe graded by using U.S. 
Standard Sieves. The results of some of these grading analyses are 
■shown as summation curves in Fig. 5, and all of them are represented 
by the histograms (Fig. 6)., It has been found that although the 
beach deposits from Kaitoke Creek (I) and near' Wanganui River mouth 
(J) are better graded than an average dune-sand,— (G)— the dis- 
tinction is not as marked as -that described by Carroll (1939) and 
verified by Hutton’s work on other "New- Zealand beach ironsands. 
'The dune samples A, B, and showing a relatively good grading, all 
come from near the mouth of Wanganui^ River, where the greater portion 
of the dunes is made up of well; bedded ■sands... In this connection 
Bagnold (1941) points out that aueh; thin-bedded' sands may very well 
be wind-blown, and these structures-' are t^ical of some aeolian deposits 







Fia. 6, — Histograms sliowlng the meclianical analyses of representative 
Wanganm-Wangaehii ironsands. 


A =r P (2) P “ P 10699 (34) 

B = P 10695 (3) G P 10700 (30) 

C = F 10090 C4) H ~ P 10701 (43) (Figrures in brackets are 

B 3=r P 10698 (13) T = P 10097 H2) field sample mip\bers), 

E ™ P 10693 (1) .T = P 10703 (59) 

K := P 10702 (50) 


described b^r .(Jrabaii ('''Principal of Stratigrapliy/' p.’704). Still, tbe 
evidence of the grading analyses suggests that the dunes are merely 
remnants of recent water-laid deposits. Further, it should be noted 
that although the graphs (Fig, 5)- .for I and J are identical in shape, 
there is a marhed difference in the 'median diameter. Both these 
deposits contain a high percentage of iron-ore, but, since the former 
S'and has had its iron grains considerably abraded by movement along 
the coast, the average graan-size of this size is less than that of J. Of 
the 'eleven samples graded, by. far" the, greatest percentage of grains 
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was retained on two sieves — viz., those mth mesh diameters of O.dSnim. 
and 0.125 mm. respectively. This is clearly shown in tlie histograms 
(Fig. 6), In the case of I, however, the average grain-size is distinctly 
smaller than that of the other samples owing to the high percentage of 
iron- ore, a miner ai that is normally concentrated in hiier screenings. 
This fact also contributes to the increase in the median diameter from 
sample I to sample J. An electromagnetic separation was made of 57 
sand specimens and the results shown in Table I, where the samples 
have been grouped according to their magnetic content. 


Electkomacketio Separations 



Table I. 

Perceiita??e 

Number of 

Maj?Qet-ic I'raetioii 

Samples 

(By weigiit) 

<4 

7 

4-6 

— 5 

6-9 

....... 17 

9-12 ■ 

.....h 14 

12-16 

10 . 

16-20 

2 

>20 

....... . 2 (both are beach ' concentrates} 


The average of fifty-five samples (excluding the two , samples of 
beach concentrates) is 8.88 per cent. 

The individual percentages of these, sain pleswvliich hmm been graded' 
and examined microscopically are shown in Table II. 


Table II. 


Sample No. 

PereeDtasre 
IVIa.Cfnetie Fraction 
(By wcijxbt) 

P 10603 . 

1 17.46 

P 10(^94 

12.60 

P 10005 

8.07 ^ 

P 10606 

7.90 

P 10097 

78.70 

F 10r,98 

^ 15.14 ■ 

0 

1 

8.03 

P 10700 

3.68 

P 10701 

0.23 

10702 

3.73 

P 10703 — 

21.57 


It will be noted that the figures in Table II are far greater than 
should be obtained by calculating the percentage of iron-ore from each 
of the corresponding histograms of Figs. 6, and 7. While this fact is 
partly explained by the greater, specific gravity of iron- ore .relative to 
that of the other sand constituents,, the anomaly is chiefiy the result 
of contamination, which is due entirely ,to magnetic iron-ore ineliisiom 
in other mineral grains,, chiefly -hj^ersthene and aiigite ; this reason 
for contamination has also been shown' by Hutton.* Grain-counts of 
the eleven magnetic fractions have heen, made to illustrate the high 
percentage of contaminating grains’^ and .the results are shown in 
Table III w/' 


*Op. dt. 
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Table III. 


\ 

Dime Samples i 

Beach, Samples 

iTron-ore. Grain-, in 
Sains'le No. IMayrnetic .Frar+ion' 

i (Per Gent.) 

i . ■ 

Sample No. 

Iron-oT-(^ CJ rains in 
Magnetic Fra ei ion 
(Percent.) 

P 

79 

I P 10697 

91 

p imm. 

79 

i P 10703 

86 

P 10U05 

59 ' 



p ioouf) 

78 : 



p loms .. : 

. 79 i 



p lOfion 

6S 



P 10700 

23 ■ 1 



P 10701 ........ 

37 1 



P 10702 

46 ■ : 



Averac;e 

61 1 




Note. — Over six Imndrerl grains were counted in eacli of these 
eleven magnetic fractions , giving an accuracy of at least 98 per cent. . 

These figures are for a grain count only and would therefore be still 
lower on a volume basis, since,, as shown in Fig. 4, the iron-ore grains 
are considerably smaller than the majority of other grains. 

Ill conclusion,, it is safe to assume that, on an average, the magnetic 
fraetloii of all the dune -sands would certainly not contain more than 
60^ per .cent, of iron-ore. The beach samples have not been included 
in this estimate as the amount of sand involved is of such minor im- 
portance, and their study serves only to indicate tiny high degree of 
co.iiee„ntration that may occur in water deposits. 

Using the above figure of 60 per cent., we obtain the figure of ,5.,S 
per cent., representing tlie maximum of truly magnetic material in the 
ironsancls .of the Wanganui- Waiigaehu. area. Finally, it must .be 
remembered that this final figure, arrived at. for the magnetic content 
does not represent the amount^ of pure .iron-ore ; Wylie,* Hutton,* 
and Muiiro* have shown that impurities may be considerable in 

such iron-ore. 

Economic Gonsideeations 

Some additional economic aspects of the utilization of the Wanganui 
iron-ores are briefly summarized below : — 

(1) The verv low iron-ore content of most of the sand : 

(2) As distinct from other Taranaki ironsands— Patea and 

FitzroV' — ^those l^ing between . Wanganui and W'angaeliii 
Bivers are verjr widely distributed mtli intervening areas 
barren of workable, iron-sands. This makes the transport 
costs a special consideration* 

($) In the event' of dry magnetic separation methods being used 
in the field, drying costs would be considerable. 

(4) if the latest wet magnetic separation method were used, a 

fixed plant would probably be required owing to the large 
flow of water necessary. • 

(5) Special consideration would need to he given to the question 

of the utilization of afforested and stock-grazing lands which 
occupy a considerable area» 


mt. 
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.Fig. 7. — Histograms illustrating the approximate percentage of iron-ore 
grains in each of the f rant ions represented in Fig. (>. 

Mineralogy 

The most important constituents in the mineral assemblage of the 
sands are aiigite^ hypersthene, feldspar, hornblende, quartz, and 
iron-ore ; however, it should he noted that, although ilmenite is generally 
absent, in one sample up to 1-2 per cent, of it has been noted. The 
mineral assemblage is similar to thatin the Patea ironsands as samples 
contain iron-ore, plagioclase, quartz, pyroxenes, and amphiboles as 
major constituents, and zircon and garnet as minor constituents. The' 
minerals present are slightly more -varied than those at Patea, and, 
although apatite has been generally recorded in the latter sands, it was 
recognized in only one of the' heavy mineral separations made from 
the Wanganui- Wangaehu ironsands. ' Again, olivine, not recorded 
as occurring at Patea, is present .as^a, minor constituent in most of the 
samples now under consideration. ^ ..Compared with those of Sltzroy,! 


46 The M,Z. Jouehal of Scie3?^ce anh Technology [Jcly 

tlie minor constituents of the Wanganui -Wangaeliu ironsa.iids have a 
slightly more varied mineral assemblage ; actiiiolite, collophanite^ 
pju’ite, and aragonite, recovered in the former, are all absent from the- 
latter, although shell fragments of an undetermined species are present. 

Magnetite 

On account of quantitative chemical tests for titanium and also its- 
strongly magnetic properties, the bulk of the iron-ore has been assumed 
by the author to be titano magnetite similar to that occurring at Patea- 
and Fitzroy. Magnetic separations with a weak magnet showed that 
non- magnetic iron-ore constitutes a fraction of 1 per cent, of the total 
sand, so that titaiioniagnetite is the dominant iron-ore mineral. In- 
spection of a crushed sample of the non-magnetic iron-ore fraction 
showed the presence of haematite and rare chromite. This haematite' 
almost certainiy corres|)onds to the titanohaematite"^ from the Fitzroy 
ironsands, but .verification of this was not possible owing to the 
difficulties involved in separation. 

Chromite 

Chromite is very vare, and it is recognized mainly, in the finely 
ground non-magnetic iron-ore ; occasional^ small fragments were 
noted in the -—230 screenings of some samples. 

Ihnenite 

Ilmenite is found in appreciable quantities in P 10697, but is not 
recognized elsewhere. The grains appeared to be almost identical with 
those of titaiiomagnetite where viewed .in oblique illumination. . The 
approximate quantiti^ of ilmenite present wms assessed from, the 
following facts : — - 

(a) The non-magnetic fraction was 21 per cent, of the total sample 
by weight : 

(h) A grain count of this non-magnetic fraction showed that only 
20 per ee,nt, of its grains were iron-ore : 

(c) The iron-ore grains in this non-magnetic fraction are con- 

siderably smaller, but. have..' a greater specific gravity than 
their associated ferromagnesiaii minerals : 

(d) Chemical tests showed the amounts of titanium in the non- 

magnetic fraction to be high. 

Thus the anthor has estimated that the ilmenite makes up 1-2 per 
cent, of the sample and that probably a very small fraction of 
titanohaematite Is present in the non-magnetic iron ore. 

Olivine 

Olivine grains nearly all rounded to- the extent of being almost- 
spherical irrespective of size, occur in all fractions from — 35 +60 mesh 
do'wn to the finest fraction —230 mesh ; none were found showing any 
crystal outline. They are all colourless, many have a rough pitted 
suifaoe, and they are usually free, of inclusions ; the inclusions which do 
occur are small, scattered, and black. Only one grain- displayed any 
cleavage. Two olivine crystals gave almost uniaxial -figures, and the 
detennination of y for a few crystals ranged about 1.710 ; this suggests 
the olivines are rich in MgO.' Of the fraction — 36 +60 in one sample 
the olivine grains make up about - 1 per cent. , 

♦Bescrihed by Hutton. 
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Augite 

x4iigite is by far tiie most abundant mineral in the i,ronsands, both 
dune and beach, and in the coarse .fractions of some samples makes up 
to 75 per cent, of the grains. Usualty the grains are well roimdedj 
but in most fractions of all the samples the prismatic outline is shown 
in many grains. There are also fragments of larger crystals. All are 
coloured light-green, and faint pieocroism show^s in some. Iron-ore 
ill elusions are comnioii in all except the finest of augite grains, and 
those grains contained in the magnetic fraction show either a few or a 
large niimher of small inclusions of iron-ore. 


Hyperstliene 

This is a fairly abundant ferramognesian constituent in the iron- 
sands of the dimes and beach and, in some coarse screenings of the 
sands, comprises from 15-'20 per cent, of the grains, and, together w-itli 
augite, in- one sample comprised from 90-95 per cent, of the coarser 
fractions. While liypersthenes completely ■ free of in elusions are 
frecjiient, iron- ore inclusions ' are common in all grain sizes and are, 
just as important as in augite in causing the liypersthene grains to be. 
taken up in the magnetic fractions. . The prismatic outline is commonly 
i¥ell developed, with the crystal faces sharjalj" defined ; in in,any hypers- 
theiies the degree of rounding in all fractions is not as great as in the 
augite of corresponding grain size. ■ Some hj’persthenes have a black- 
speckled appearance due to an abundance of ‘.very sm.air scatte.red . 
iron-ore inclusions. The range in composition of the hyperstliene , is 
indicated by tlie refractive indices'*' determined on ,S3X grains as fo,liows : 


y 

a 

1 .717 

1.701 

1 , 702 

1,689 

1, . 702 

1.689 

1.697 - 

1.686 

1.718:. 

1 . 702 

1.701 

1.689 


*AII values subject to error of .di, .00.1. 


CompmUes 

The presence of fragments of glassy material or composite grains is 
very characteristic in the coarser fractions. Classed as composites are 
man}^ grains made up of twm or three small fragments of different 
minerals combined as one grain. There are iron-ore grains with traces 
of other minerals attached to their suiface ; the grains, for purposes 
of grain counting, are classed as iron-ore and not as composites. 


Flagiodase 

The composition of the plagiocla-ses showed a wide range from 
albite to fairly basic types, but it was difficult to decide whether they 
were derived from larger-zoned crystals or were fragments of crystals 
uniform in composition. Zoning ^ is very pronounced in man}^ of the 
plagioclase crystals retained on the 60 and 120 mesh sieves. Occasionally 
simple, but usually multiple, twinning of feldspars was observed in 
most samples, but such twinned crystals are not common, and, typically, 
the grains of ail sizes range from an angular to a rather rounded shape . 

Orthoelase 

Very rare grains of orthoelase were observed in some of the samples, 
and two grains of microcline. were? found- in one sample. All these 
grains were in the coarser grades and' were angular, 
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Amjihiholes 

Eliie-ifreeiij red-bmwn, and green-brown ampMboles are present 
in tlie sands examined. The green-brown variety which is by far the 
most abundant; occurs oommoiily as elongated grains with partly 
roiind'el ends, but.,. -sometimes', contains iron-ore incliisioiis. It is 
abinidant in all the .sam.ples examined, and- common to all fractions of 
each sample. The red-brown liornbiende is oxylioriibleaide. similar 
to time described in the Fitzroy ironsand. It is common to all the 
samples examined, is found in both the coarse and fine fractions, and, 
ill emit rest idtli the two other varieties of ampMbo.les, i'S very much 
rounded. Eefractive indices, determined for two grains of oxyliorii- 
bleiide are as follows . 

a" = 1.682 a - 1.683 

P ~ 1.-712- p = 1.716 

y = 1.747 y = 1.752 

The Miie-green hornblende occurs only a-s a very minor constituent 
■and was not found in all the samples examined. It is confined to the 
-—120 mesh and. smaller fractions -and is usually in elongated crystals 
with well -rounded ends. .-The properties observed for one blue-green 
iioiti blende grain arq as followis ': — 

■■ -y ■=: . 1.67-1 
Zac= 14° 

X ■= yellow 

Y = bliiisli-greeri 

Z — gTeenisii-blue 

' :x<Y<z 

111 .P 10703 .O'l'ie grain ivas found showing prismatic, outline, a 
.surroiindiiig lro. 2 i--ore' cluster, and pieochroism suggesting .kearsiitite. 

Clinozoisite 

As a very rare constituent, this mineral was recognized in three 
samples only, whereit occurred- as .anhedra and siibheclra in the "—120 
4-230 and — 230 fractions. ' 

Glauconite 

Glauconite is exceptionally rare and occurs as rounded grains with 
appearance. It was observed in both the — 120 4-230 and 
— 230 fractions. 

Glass 

111 the finer fractions glass fragments were commonly observed as 
irregular browm grains. Others, either colourless or faintly coloured, 
.showed a fibrous structure, although this was rare. Colourless non- 
fibrous glass i?as also observed,. 

Quartz 

Quartz usually occurs in' all gradings^' but is absent from the finest 
grades in those samples, high 'in , iron-ore. Most grains are angular 
with a slight tendency to be rounded ; only a few are sharply angular. 

Zircon 

Zircon is a • minor constituent, common to the dune and beach 
•samples, Some grains are well rounded, but the majority are eiihedral 
to subhedrai, and* a few contain -small .inclusions. The zircons are 
, confined to the Two finest' grades, and within the — 230 grading where 
they seem more common, their range-in size is considerable. 
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Garnet 

111 contrast with zircons, the garnets- have ■ a- great range in size, 
aithoiigli the majority occur in the two finest graidest A few occur as 
chips with eonchoidal fracture, most are subhedraffo; well rouiided, and 
rare ones are sharply eiihedral. ' They are mostly colourless, althoiigh 
some are pink, some browmish-pink, and rare ones pale purple. In 
many samples the garnets were relatively abundant in the fraction 
— 120 -1-230— e.y., in P 10697 tins fraction consists of 99 per cent... 
iron-ore, the other 1 per cent, being .veryiiigh .in garnets and p^noxeiies^, 
w^Mle ill P 10696, garnets, together -with zircons, 'make up 2-3 per cent.,,, 
of this fraction. The refractive index of a colourless^, garnet was 1.797 
i .002, and. no manganese reaction was obtained from a chemical test ; 
this indicates that the colourless garnets are of The almandite-pivope 
series. The garnets are much more abundant than zircons in the, 
fraction —120 -f230., 

Biotite ■ : 

Two flakes of biotite, each about O.o mm. in: diameter, were found 
ill one sample, and a fe'w minute fragments were 'recognized in the first 
fraction of this and one other sample.' . The refractive index, for one of 
the larger flakes was determined asyd- = 1.636. 

Mmeovite 

A few large cleavage laminae of muscovite ■ were .retained , in the 
18-inesh screen in one sample, and ...one or two mueli .smaller flakes- 
were found in another sample. 

S phene 

Sphene is a rare constituent, although it occurs more often than the 
micas, apatite, and tourmaline. In the two finest fractions of a dune 
sample, P 10694, and in t.he — 230 fraction of P 10097, a. few rounded 
and sub- rounded grains are present. 

Apatite 

Several apatite grains v-ere found, mostly in the — 230 mesh fraction 
in P 10703, but were not recognized in any other, samples. It occurred 
as fragments of larger crystals and as circular crystals. Rare apatite 
oecur.red in the — 120 +230 fraction of the same sample. 

Tourmaline 

This mineral was found in only' one sample— P. 10703, which 
contained two crystals in the finest fraction. These tourmalines were^ 
slightly broken at the ends and were pale blue. ' 

Bpidote 

■ Epidote occurs in most samples, but always ,as a rare constituent*. 
In one, grain count only were epidotes as plentiful as olivine grains. 
They are subhedral and’euhedral, wMle many have the characteristic- 
aggregate ' appearance,. Inclusions were not observed. Although the 
epidotes are colourless or only -very faintly coloured, the considerable- 
range in birefringance indicates a large.' range in Composition from iron 
rich epidote to clinozoisitio' epidote. 
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Non- magnetic Fractions 

A grain count of the non- magnetic fractions was made, between 
fire and seven liiiiidred grains being counted in each preparation. 
The results are shown in Table IV. It should be noted that many of 
the rare eons tit iients were observed only by inspection of the numerous 
preparations obtained during grading analyses. 


Table IV. — Mineral Assemblagb of Non-Magnetic Fractions 
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A-f = Tery rare. Many of these were, seen only upon examination of, the 

finer screertings. 

A — < 1 per cent : 

B = 1 - 5 per eeiit, 

,*0 . ,z=: 5 - 10 percent. 

,B' — 10 - 20 percent., . . 

,E. =, 20 -- 40 ' per cent. 

F ™ > 40 per cent. 

^IneliKies ilineiiite, ehminite, and Iiaematite (possibly). 

tAlthoiigli usually absent in medinni and finer screenings, large shell fragments 
were present In many samples and were common in samples near the coast. 

irneiudes cHnozoisitie. epidote. 


■0,RIG:IN , , 

The oeciiiTCiicc between Wanganui and Wangaehii Rivers of 
titaiiifero'iis iron-ore similar to but in much lower concentrations than 
that at Fitzroy and Patea, and immediately north-west of Wanganui 
River mouth, makes it evident that at least part of these Waiig"a.niii- 
Waiigaeliii sands have drifted along the coast from the other areas. 
The high percentage of quartz, feldspar, and hypersthene, the occurrence 
of pumice south-east of Wanganui River, and the fact that the iron-ore 
percentage drops suddenly from the north to the south side of Wanganui 
River iiioiitli al! make it clear that the greater part of the sands has 
been brought down by the Wanganui River. The Lower Pleistocene 
rhyolite tuffs in the Aria Survey District and at the head, of Ohura 
River in Taiigitiii district^ together with the andesites of Ruapehu area, 
are all probably additional sources of iron-ore. That the Ruapehu 
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hypersthene andesites play an important part in contiibntiiig towards 
these sands is shown the abundance of hyperstheiie present in them 
compared with its scarcity in sands w^est of Wanganui. The garnet , 
zircon, epidote, and other rarely occurring minerals may all have been 
derived from the Tertiary sediments as well as from, the volcanic rochs 
in the upper 'reaches of the Wanganui River. 
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FOREWORD 

. BV -L. W. TATTERSFIELD, TATTERSFIELD ltd,, AUCKLAND., 

..The necessity of ecrpioying-. unskilled adult labour ■ in: -wool. I en ■- 
mills has provided manageipent .with mine rous 'problems,, tte most ge.ner- 
.al of whi-Ch 'Can be siimaarized under, the hejxiings of .'’Cb.sting** and 
"Bfeintenance of Quality St.aiid.ards”., In no department of .the. mill "has.' : 
tlie stortage of juvenile labour been more acutely felt than in the 
spinning , rocHii, ^ Hie larger .mills have -organized classes where : pieGen- .' 
ing and the principles of spinning are taught before new curatives 
are introduced to the mill. This has been found effective in reducing 
non-productive learning time, but the necessity of maintaining prod- 
uction u^er adverse labour conditions has provided the spur to in- 
vestigations into machine efficiency generally, and in this respect 
it is thought that the follwing account of an investigation carried 
out by the Auckland Industrial Developti^nt laboratories to determine 
the ^ value of variable speed spinning on woollen ring frames will he ^ 
of interest to those vho conterrpiate the installation of woo Han spin- 
ning frames; to those i?ho are at present operati^ ring francs at con- 
stant s|»eds, and to ^ those who are curating variable speedy ring frames, 
but who, like the ^writer, have sO' far 'been unable to establish a tonmjls 
for adjustment ’vdiich will .ensure good spinning over a wide range of 
counts. 

The plant used for the investigatlcsn was a 200 spirdle Gess- 
ner Patent ring, frame, - manufactured by Asa Lees of, Oldhan in T932. As 
originally stttplied, a 12 h.p. '%uirrel Cage Metroviek motor was mount- 
ed above the feedstock, and. ;slipr't 'o^tre^j.V’ belt driven to a counter 
shaft directly above the miaih'''drivihg' fefeft^^'VarissIsle speed was effect- 
ed by TOans of a pair of cone pulleys,, the belt striking gear being 
synchronised, with the rise and 'Tall- of the ring plates* A stmH cot on 
the end of the,. ratchet shaft df ■the,,,^C!aife lifting aoticjci feld;tfe. 
striking gear out of action 'until' tfe cop bottom had been 'foirined* This;', 
set up was neat in M3pear«oei, .fet tfe'. excessive wear on the belt edgei^ 
due to the strain of itoying It bactosrdb and forwards across the face 
of the cone pulleys witl;i'‘ea^‘ ife 'heart c«a, iwde iminteiiaiice 
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a costiy item. Belts. sifJplied ware of tte endle.ss leather iaoiinated 
type, artJ'difficeit .to fi.t, as. the countershaft ami emi Ideating hal to 
be reoioved each tine* 

In i935j upon the recmmmdBtim of the aiantifacterers^. we in- 
stalled a Sieffieiis'“&h!jckert vari^le speed caimitator motor #ith at-, 
tached spinning regulator. Hiis drive has^proved ffiost^satisfactory. 

Tte c^ration of spinning regMlator will be described .later., but 
it will' suffice here to say that by means of " a pair of cam, both,, the , 
'•basic^ arri the "cyclic® speed can- be given a wide degree of variatim* 
Itnwver, it mist be borne m aiifsd that ■■ff incorrectly set, tte bless- 
ing of variable speed spinning beccssnes a menace, . directly increasing 
yam tensions where it is intended'- that relief sl^M be givm. The 
purpose of the investigation was to ascertain the correct setting, of 
these cam® a«i to fix the ijpst efficient base' ■speed. Ibe investigaticm 
has resulted in, an over-all imrease in production, of at least ^15 per^ ■. 
cent., an inproved yam, less machine ■maintOTance, and the satisfaction 
of knowing that we are getting, the best 'but of our Tmchines. . 
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Summary 

.The method of spinning wool fibres by the ' ring spinning 
system* and the basic causes of variation in spinning tension 
■are briefly expiained* Adjustments affecting the efficiency of 
operation of 'the machine are considered. An electronic spindle 
. speed recorder whicli has been developed is .described in some 
detail. 

Recorder tracings, and photographs taken at various 
stages of spinning enable tensions to' be ' calculated from full \ 
scale ”balloo.n*' tracings. 

The ■ method is applied to.. a particular . case,*,, .an ideal 
speed variation diagram is calculated ' and- limitations in tuning 
the regulators- to give this ideal diagram are discossed.^- 

The method of calculation is siinplified- as far as poss* 
ibie,j difficulties encountered and suggestions for fscilitat- . 
ing future investigatio.ns: are described. 

INTRODUCT'I-ON 

:Ai though- this report deals iminiy with a particular case 
of wool spinning on- a variable ^>eed ring frane it is tteught that , 
the' lack- of information concerning tension* -speed correlations- war*^ - . 
rants the inclusion of a simplified- summary of :the principles in- ■ 
voived so that the desirability of having m accurately -controlled 
vari able speed drive can be. more .fully appreciated. The coipiexity ' 
of the forces -encountered and the imil tiplicity of variable factors 
that affect yam tension -during spinning make it.-iiipossibie at this 
stage to est-abiish a sinqpie -formula for determining tensicans. ' ffow- 
ever, the .method used in. this investigation and the -equipront dev- 
eloped-are readily.: applicable -to particular case, am! , the' experi- 
■ence 'gained will be- invaluable --.--in' facilitating the executioii of any. 
future experiments. 

- For the : bene fit of. users of similar fraii«.s mention; is made ■ 
of the adjustments and modificatioos fc«x! necessary to ensure cm- 
sistent macMne performance: - 

Basic principles snd desirability of variable . st>eed drive 

The path of the roving throu# the csperating section of the 
machine is shown in Fig. 2. 

The unspun roving is drawn from bobbins, passed through a 
drafting and false twisting systeiu and is delivered tlirou^ the 
rollers A with the desired degree of fineness. A felt covered scav- 
esiger roller B serves, in the case of a breakage, to pick if> md 
wind the roving, thereby preventing entanglement and breakage of 
adjacent rovings* ■- Immediately ifcai emerging from the rollers A c« 
its way to the guide eye C, the roving is twisted due to the rotat- 
ion of the traveller Bon the ring E, i,*e. the actual spinning pro- 
cess takes place just ••below the rollers- A* This twisting results in 
a considerable increase in atref^Hii and the finished yam passes 
through the travel let- imd'is wound uanifoimly on the ’bobbin F, imiiit- 
ed qn the rapidly rotating spindle G. The traveller rotation is cfius- 
ed by tte drag on', .the yarn 'passing to the bobbin, ‘the traveller ^ed 
Is^ing bdbin3,,|^' speed to ^ the extent that the, yam deliv- 

ered froEiMibo^ is »ajd upon 

ihe ring rail down, 

time of upward movement ^ing mitred 'mth' the period 

m that tr^ yam coues to -lie in(-;cohlcal layers s<eparated;bif cross 
layers, therefcy ensuring laimnddng for later 

Bi aiiiticxv to- this |^r iodic Imoveawt ths^'^ri'iog. rail is 'given 'a stiper- 
iaposed progressive liftii^! motion '-by means a ratchet' mechianiam 
so that the winding” action 'is ‘slowly -traversed from,; bottom jto top 
of the bobbin. , j';'! ^ 

The effeet,'’’on ,ter!isi’on?'d;f(ytept^‘'<fi;'differo*t’ ''“I m 
will now be r€d^i^stMng':t|iafeji|^ , traveller ; at ' 

consbwt speed, 'tl»' mkm' riiald "^berefote ma ftlctional 

resist«K?e of the traveller constspt. In Fig. , 3, R, iS) the 

traveller resist««e md Pd aid d r^resent the tmsiohs in the thread 
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diarneter D and the small diarr^ter d- respectively. If these tensions , 
are resolved into tangential and radial cci!p:>n,ents., then the : tan« 
gential coHponents T arii t vMch balance the traveller resi stance, iiust 
be equal and constant. In order that, this niay be so then, .the tension ■ 

Bd must be considerably greater than tension H) i.e. tension , is high- 
er uiien winding on smaller dianeters. 

IXie to the rapid rotation, of the length of yarn , betweei , the 
guide ej?e and the ■■ traveller., centrifugal force causes the yarn to fonn 
a balloon, (see Fig. of such a sh^e that the resultant centrifugal ' 
force Cb is balanced', by the tensions .Just below the guide eye, V and ■ , . 
just above the traveller Q, Ihe force F is reduced sonewhat by frict- 
ion as the yarn passes through the traveller, the reduced force be- 
ing equal to Q. Similarly a to rt ion’ of. the tension U is absorbed by 
friction at the guide eye,’ the rop.aining tension X Joeing the force 
that inparts considerable stress to the unspun' roving as it emerges 
from the delivery rollers. 

.Aitteugn this explanat.ion- is .|ii3(piified to a, degree, it is' 
obvious that all tensions in the ’yam f rein the delivery rollers to , , 
the botijin' are dependent, to a large extent u^n, the tension P and 
though. they may .not vary in the- same proportion as P they change con- ■' 
siderably as, the winding di^neter varies. 

In order to maintain a constant tension it is necessary, 
therefore, to have t\w> superirtposed speed variations, in the drive:- 

(1) .As the ring, rail- rises falls to build up the nose of the cop, 
a cyclic speed variation or ”chase” is- required to allow for, the chmge 

in 'wirrling diaiieter.’ 

(2) As the, r.ail, traverses -gradually to ’build up the cop frem base 
to top, an altered ‘*base” speed i-s .needed to allow for taper in the 
bobbin and the redistribution of forces. due to the changing bai,ioon 
l-.engt.h. 

Scotte of the investigation. " , . , 

The .particular investigation which is the main subject of ' ; 
this report, was carried out -on a IKK) spindle irsme manufactured by ' 
Messrs,. Asa Lees, variable ..speed drive being provided by a three phase* 
brush shifting commit ator mo’tor with a built in spinning, regu - ' 
lator, manufactured, by Si aliens, 

T!.ie puipose of the- invest igatioa iwas to ascertain: » - 

(1) .^ISiether the vari-able speed controls fitted to the imchine. 

■were giving .the desired effect in maintaining mifom tens,ion-,- ■ ■ ■ 

(2) , ■Wi.at was the optiimm speed and the percentage -speed .variation 
for yarns of different comts ebd different p%sica.l coriiition, in 
order to maintain production consistent with high standard of quality 

(3) Ihether an increased production could be obtained by chang- 
ing the existing state of adjustment of the starting speed, or by 
variations In the base and chase speed, 

Condi ticn of the Bfetchine 

Hie machine had been designed originally for belt drive ard 
was later modified, so that the variable speed motor is Huw coupled 
directly to a main shaft, Fran this shaft the drive is taScen fay twe 
Fer»id®s chains to two tin rollers md thence by t^es to the spind- 
les and by cords to the false twist respectively. Frqa tte end’ of tl» 
saife shaft a pinion drives through a series of spur reductions to the ' 
bobbin^ feeds, drafting rollers ptc. through a worm reduction to 
the !Min heart cam that actuates the perindin. ring rail moveront (see 
Figs, 5 arrf 6) 

A crank on the heart .cam shaft actuates -the ratchet inechwiisn 
to provide for progressive "lift of the rin| rail. -Hie basic arri |»ri- 
odic emm in the spinning regulator, are, driven from the ratchet iilteel 
shaft arri the heart cam shaft- respectively. The Eootor Is provided with a 
“"starting** speed" adjustment i.e. 'argr desired speed level can be selected 
arri tpon this level the basic ■'•and dhase speeds are si|>eriiifx>sea 
by adjustable regulator settings" (see, Fig.. 7) ■ '7- 
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Worm atiid bevel drive te m^in earn ebaia drive to b«ee cam 
on regulator and worm drive to cbain for progressive lift 
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, . Fig,, . ,,7,^ « Kegtilator.» 

Altliou|^ the machine had been running constantly over 
war years with^ little chance of time off for major repairs, its mech- 
anical c20STditic§n., .was reasonably ^sod fox normal spinudrig opeiaticms. 
However, in order to ensure consistent results, ‘am to overccMme weak- 
nesses iiAerent in the desigOj it was thou^t desirable thorou#ily to 
esmiine the machine and to eliminate as many possible sources of dis- 
crepant^ as could be foi^* Without entering into a '(detailed account 
of Dicdifications and 'adjustments, the following is a sunmary of the 
main points given csonsideration: - 

B:>ssible causes^ of trodble> " ' 

nj Slactee'ss'ii ^ed. pontrol , drives' to re^^ ' 

(2) Wtmed wire control cisbies Ih ; regulator * . It was fomd 

desird^le to fit new cables ''and "to <fesi^ c^te' and fittings 

to prgfent chafing and uneven stresses in the flexible -mre respes 
{see Fig^ 7) . , * , , 

(3) Wsaj in rail liftir^^iefiiniiJnjent. The heert 0m 'mis Ofiginidly of cast 

iron with a hartfened iateelj insiart point of ntasdam ^^laconent. 

Wear on either side Of' ttiiii' 'insert was causing ■w^ry^iaieOmirii^, rail 
movenent end the can waS''rqpiace4 by: a piUjA steel COsie-l»Aicfeied earn. 
Heaiq? stresses at this 'point 'had jc^ed Keoetel 'Woair eBid'.rfieidng of 

' • . -i' . 
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the mnxi reduction gears, bearings and brackets, the resulting lost 
rmtion being made good by redesi^ of brackets, renewal of bearings 
and shafts etc. It is interesting to note that a later ^design of ^ this 
frart^ frail the sane manufacturer had these details irodified, arri im- 
proved* , . ' ^ ^ . • t • ' , . . 

(4) In order to mJ.nimize stresses on the lifting mechanism_ me ring 
rail assembly wias chedced arid adjusted for the following points!- 
Levelling ©faring rail; freedon of mov^nent of lifter rods; counter- • 
weighting of ring rail; cleaniness and freed®! of unovanent^oi lifter 
ar>d counter wei^t chains and pulleys; alignment awl security of ' 
brackets etc* The i!i|>ression: gained was that a^imiitiplicity or a|i)ar- 
ently mimr discrepancies can result in a .considerable' restriction^ 
to freedbm of irovanent of the ring rail awi, attachiaents resulting' in 
a ’"heavy® and uneven drive, ■ 

fS) Q>ncentricity of spindles with rings, , 

(6} Cbrrect seating of rings , in ring rail. ' 

(7) Giide eye rail checked for; levelling aid^ freedom of movaront, " 
Concentricity of guide eyes with spindles and rings. 

(B) Chain drive idlers badly .worn. These were rebushed , as. in the or- 
iginal design tut due to the hi^ speed and load carried' on plain 
bearings, further trouble occurred. Idlers are now being nioiinted on' 
doiijie row angular contact ball "bearings/ 



in order that the speed' range could be graphed and .analysed, ' 
it was decided to desi^ and construct a recording tachometer of simp- .. 
le ^type.. In order to eliminate caicuiations involving ratios of ■ non.’^ , 
fx>sitiv€ tape drives etc. 'and to-sinplify the. mounting of the .device/ 
the tacliMieter head was imDunted directly on tlie spinning spindle, Ife- 
taiis of this instrument are sho^m- in 'Fig.S and Figs, § and 10. The ' ' 
heal afTpioys a ¥emer Type . sjnchronous.niotor fitted with minature 
bail races. The head assembly is mounted on a •tape.red spindle of sim- 
ilar dimensions to a' normal spinning spindle and may be stbstituted 
'for any. 'Spindle on' the 'fraiie.. The head does not' interfere in ..any way. .' . 
with the '.normal <^ration of ■ the frame, being clear of the ring rail ■ 

'lAen the latter is at its highest position, and. capable of being driv- 
en at speeds as high as 7,50u r.p.m.. The head is connected to an elec-, 
trcsnic mit 'and thence to. a graphic recorder, ' 

Electronic Unit .and. Recorder. 

The purpose 'of ' the electronic unit is to' convert , the output 
of the "Venner” motor, driven as a generator, into a D.C current,, 
whose value is dependent only on the speed of the motor, and to record 
the output on a pernMent in terms of r.p.m. fecial precautions 
are taken to make the unit ind^endent of the aaplitude of the gener- 
ator voltage and fluctuations in main voltage. 

The equipment consists of six valves with their power supply 
(see^Fig. li).^The fipt valve %orks as a strai^t voltage amplifier, 
and is conventional with the exception that large decoijpling condens- 
ers are used to accCTm»date the low frequencies obtair^ from the 
¥emer motor. The next valve (¥2) is a limiter, and is biased to ab- 
out -30 volts, ^ so ^ that only the positive peaks are passed on' (and 

This inhibits’, the a!|)lification of any noise, micrc^?iwi- 
ics or nttit iMch may be present, and 'hence prevents them from operat- 
ing the recorder arrf giving spurious, readings. 

¥3 is a pentode with no cdthode resistor and a low plate . 
load, mi mrks as a clipper valve, squaring up the waveform % swing- 
XT^ the plate current from cut-off tO' saturatiai. The steefxiess of the 
sides of tfe waveform is increased'!^ naming the screen at a fixed 
voltage of +150 volts cfctained direct frcm the power si|ply, 

^ Hiere is ttms produced'"a-'Square wave of constant anplitiiie 

irrespective of voltage input to the circuit frcm tteVermer (above a 
low miniMm value), but varying- .in fretmency in accordance with the vari- 
aticm in kindle speed. 




t:K«nwi7i 


PucH AND Allcock.- Spinning of Wqqi 




; This scojare ««vie is "ttien passe<l throu^ a_'ow time constant 
netisork consisting of ISfiF axrf«Jser fl. 

differentiates the waveform, giving positiye * 

constant ^plitude aid dufsticn, vary ^".frequenqn These a« 
plied to the grid of Vtej sihi<* N W run with no 
passes the negative pit® mly, appear as large positive pips 
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Hiese positive pips, are^ handled by^ the diode VS and its as- 
sociated circuit to give a positive DX. voltage, at its output viiich 
is pro^rtional to the frequency of the ^iied voltage. The rnamer 
of operation of this part of the circuit is identical tO' that of an 
ordinary positive-pealc reading diode voltmeter, with the exception 
that in this case the diode is ’'upside-down” and' therefore measures 
the,pei5 value of the , .excursion of the voltage. in a negative direction 
hm tie mean (D.C. ) level. Ihat this gives a value proportional to 
^ the freqpency is easily seen by considering the voltage as a sware- 
wave ¥ of small duration t, the -period of the voltage being T f = , ] 

\ freq./ 

Ifepresentiog one 'cycle gr^ically, we have.: 



Now the fstean D.C. level is found when area A (area ateve the 
level) is equal to areaB ( area underneath the .level ),j T.e. vdien 



or peak negative voltage E = Vtf. (since f 1 ). 

Although we have considered the sircple case of a square wave, 
it can be shown that a differentiated wave, which is what we are hand- 
ling in practice, also gives the result that 

Peak negative voltage is proportional to the frequency. 

Ihis positive D.C, voltage proper tloctal tq frequmey derived i 
frcM VS is aipdied £%«t to the grid of V4b, the bias on which can be 
varied by means of ‘'the. rtnegohn potentioiseter so as to set the value 
of voltage which ¥% conducts, 

and at which the recp'tding milli«eter operates.' '' -- 

Ihe maxinMii grid voltage, or f reqij«i%^ ■, hq, give fuiliJcale deflection 
m the meter is determined by the setting ofHiie-il%w%plin potentio- 
meter in the plate 'toad of Vfc. .J.f' 

Hence it cto be seen that ^,11^ |istrijment:#ll .record vari- 
atiems in spindle between 'two'VajHis of '-speeds ihich can be 

set at will. * . V'',;, , ;/ - " 

Ihe power *si^!y ir-cbn^i^liohal, arxi be discussed. 




194 ?] 


PucH AND Allcock. -.Spinning of Wool §2 



RECOmNG TACNOMBTEff. CIKUIZ 







PlCH AND ALLGOCK,.- SPINNING OF WOOL 


64 


i94 7] 


Recording IMit. 

The only recorder available consisted of an 0 «• 0„5 m»a» 
fBeter with a long pointer arm mounted vertically. Cfe the lower erd 
of. the arm was pitted a siphon type pen with a count ewe ight ad- 
JiBtabie so as to controT the pressure between the pen and the, chart 
paper which p.assed urderneath at a constant speed (approximately 6 ' , 

In. per teur). The siphon was arranged so that one .arm always d.ii:^ed 
into i.fik'l.n a charnel running the full width of the paper. . 

,, The lifiii. tat ions of this type of recorder aid the effect' of ■, 
■voltage fluctuations, on the speed of the spinning machine are rtow 
considered; selected ■ tactegrans obtained, during the progress of ran- ' 
plete doffing will se.rve to illustrate the following points: » 

The diagram Fig. 12,, although taken mare as. a test of the 
't.aclioiiietric . equipBent' during .the early deveio|Hient stage shows seme, 
interesting points. The variation in base speed and the cyclic speed ' 
variation are both evident but .most striking in this case is the ”doMi 
of the machine ■ caused by ■ the necessity for replacanent of rov; . 
ings as the .spools becc«i« esipty. Some trouble was experienced at this.'., 
stage by excessive lag in the pen movement and this was later reduc" 
ed to, a satisfactory limit by widening, the. scale of the recorder and 
by paying particular attention to details of pen ad|ustent,'' 

.Referring to Figs. 13 and 13a, the heavily infeed part' ,A shows 
the effect obtained .wten either the ink level in the channel is" too 
' high or the counterweight is badly., ^justed so that t.he press.ure be»' 
tween .pen, and paper, is high. .Both. of. these causes tend to prevent. 
fflovefBent ' of the pen and so- give rise to ■'^.lag'' or a reduced' arrpli'tude 
of swing, and also produce too great' an -ink flow so that spaces be-,' 
tween cycles become filled., in. 

.' The points. marked. B-. are' exanples of 'Small irregularities on. 
the surface of the paper' preventing tlie free imvement of the -pen -to. 
the' end of its swing,' while the points marked C show 1r»w fidelity of - 
reproduct .ion is much reduced if the aipplitude of swing -is small,, be- . 
cause . the driving force frero the'miliiamieter is then insufficient 
to drive t!ie pen against the paper friction and the. . inertia e-.f.fect ■' 
of the ink bath. A potentioci^ter type of recorder, if av.ai.i.ab.ie,. . 
would have coiipieteiy overcome these defects., as .such, a recorder has 
a power driven pen and does not rely for its operation ifwn the lim- 
it'ed 'force ..produced, by a sfnali current. , . . . ' ; . .: .... 

,.In spite of these .-difficulties quite .accurate tactegrsras' 
were recorded, check readings or calibration being obtained by means 
of a ** St robot ac”. Before being put into operation the tachometric 
equiiXBent was tested for possible errors due to main voltage fluct- 
uatiais and was four^ to be independent of such variations as are 
likely to be encomtered. Hence any aDnormally hi^ and low crests 
or troughs in the tachograms (apart from paper irregularities), can 
be attributed to actual changes in ^indie speeds caused by the ef- 
fect of rrains fluctuations on the driving motor. Several exanples of 
this effect are marked B in the acebopanying tachograms. 

Yarn Tension. . . . ' 

As the main object of this investigation was to determine 
whether uniform, tension was being obtained during the cycle, ‘consid- "" 
erable tteught was given to the measurement’ of this tension. Problems 
exist in the "stty of direct measuratents -owing to the, twist which is 
Deing put in the^ fibres !::y. tfie .spinning process. Experimental work 
IS at prpent beim carried 'btit on “d’ ‘tetision recorder on the "*6160- 
trolimit principle, and it is hoped by its use to che^ on the re- 
sults obtained by the ptetogr^c method that was mployed, and to 
provide a siapler and more direct tsiethod pf measuring, tensions- 

^ ps^eviously explainedi the yam 'forms a balloon' such that 
forpe balances tm.tmsions at the top and bottom 
ot the ^iloon. If a |tiotogr^]h of a balloon is tAm, the outline 
so ootaified can be, treated as the funioilar polygon of the cefttri- 
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ftigal forces acting on the yam divided vp into s^arate elefiaents, 
i.e. the total caitrifugai force cm be calculated and the tensions 
U and Q detensiined* From a series of photograjfe taken at various 
stages (Fig* 14) the dhmges in tension during a complete dbffing can • 
be determined. 

The imethod of deteimining tensions and the calculatims 
n^essAry for one particular balloon are given in tnore conplete de- 
tail as follows 

The balloon profile shown in Fig. 4 is plotted full size 
frcM the |^togrs|h and then divided', into elements of 1 cm. length. 
From the centre of eadb element theradim isfdram in and. measured. 
Smce cmtriftigal force is proportional to radius the sis» total of 
the radii of all ^elements is a measure of the total- centrifugal force. 
In this case is represent^ in Fig. 15 by BC, 43. ?2 cm. long. From 
B ^ C iims w and ^ are drawn parallel to the tangents at the 
ends of the balloon. Thai Bk and GA are measured and to the smm 
scale as for cmtrifugal force these give the tensions Q and U res- 
pectively. 

In this case BA = 81.36 on. ^ GA 89.92 era. A wipigjht check 
yarn show^ the count to be 17.398 skein (Yorkshire count). 
Ifei^t of 1 cm. (or oim element of balloon.) - 0.0011137 g. 




PycH AM) Allccxtk..- .Spinning of Wool 


Fig . ■ ^14 . Typ i:ca i ba I J oon. prof i 1 e 


Centrifugal .force ■ : ■ ■ ■■ ■ 

W ■ ( 77 N) 2 

= gXRX(-^g. 

Mihere "W" = weight in g. , 

"g" = 9.81 metres per sec. 

”R" = radius in metres. 

"N" = r.p.m. 

Element No. 5 had a radius of 3.41 cm. and N was 5,660 r.p.m. 

Centrifugal force of elpment = ‘ 

\ 001 137, X .0341 /-gx 5,660 1 ^ 
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Tile results of a series of photographs tal<en at various, 
stages during a doffing lx>th with the ring rail op and with the ring 
rail domn, are listed in Table I ard plotted in Figs. 16 and 17, 
while in Fig, 1.8 is the corresponding tacbogram. It is to .be noted 
that when the balloon is very^ short irregularities in the yarn cause 
twitching of the balloon. It is also rather difficult to determine 
tangents to tte balloon 'at this stage and’ the last values (wi.th thet 
ring rail up) are the. averages of two adjacent :bal loons. A1 so .liien 
wifiding on the large diameter at the base of .the cop the ballcwns 
in this case were beating against the balloon separators so, that the, 
profiles had to be corrected to -a shape estimated to be that obtain":, 
ing ¥dtl»ut' separators. 

In spite of these difficulties the',. results obtained are be~, 
lieved to be reasonably true indication of the tensions occurring. 

It can. be readily aji^reciated that -the variation in tension 
U from a- minimum of 21.34 g.^ to a' maximum of 56.31 g. must produce, 
a very uneven yarn, as the tensio.n. X under which twisting takes place 
varies with U ard, is probably only- 10 per cent, smaller. 

It is to be noted -that the tension Q, and therefore 'the wind- 
ing tensio,n P, did not vary extremely froti the small to the large 
diameter at any . given, position on the cop. With this fact, in 

■ the progressive reduction in Q towards tne top ^ of the ' bobbin was sub- 
stanti.ated by the,. appearance ’and : "feel” of, -a finished' cop, the mse 
to .some extent being soft and. loose ccoip-ared with the base. 'IXiring' 
the test the re-gulator was 'Set to obtain maximum' variation in, both.' 
"base" -ard ** chase” speeds, IMer.. normal conditions the .regulators - 
'could be" set 'by trial, so as to obtains cc3p that, felt more evenly 

. firm but. s'uch a metliod of 'regulati'cri can be at best, only- a very - 
rough app.roxi.mat ion; , regulation by Judgment 'of even, finmess can , 
only be .very misleading ard large discrepancies in spinning tension 
couId"still be present, a imre sound' knowledge of the changes in' . 
tension occur ri,ng,. being necessary to obtain correct regulation. ■ 

The 'Determination of Corrected 'Sp.eed... - . 

Hie centrifugal force of' the yarn foiming the balloon, the 
centri,fu,gai force. of the traveller and therefore, the frictim .of . ■ 
the traveller, . a,re , proper tic«al to the. square of the -speed. S,ince 
all tensions in the thread a.re ,in equilibrium with these forces it ,, 

■ fo.i,iows - that the .tensions vary as the - square of the .speed. - .lM.s is ■ 
borne out -by .the fact, that Aen the spem changes say at a given ■ 
position of the ring rail 'no visible change occurs in the profile - 
of the balloon* It is possible, therefore, to calculate the speed 
required at- any- particular stage to give a- desired tension,. 'or„if -a 
constant tension is required the necessary speed diagram can be de- 
-teimiined. . 

Attention can be directed ^to maintaining constant either the 
tension II or the tension Q. In this case it was decided to maintain 
constant tension at the top of the balloon as this ensures twist- 
ing^ at constant tension, and therefore a higher standard of quality. 
This TOfhod also tends to minimize breakages so that high production 
can be obtained; ^ while winding tension, although' varying to some ex- 
tent will be within the limits ,necessary ,to ensure reasonably regular 
wixllng . The selection of 45,g,,;as th^., constant tension desired in 
this case was governed by the fact- that only a reasonable ntiiber of 
breakages were occurring, and the selection of any Mj^er value vould 
l^rofoably result in the overslressing and breaking of every weak place 
m the roving.' As a point of interest, the results of ' strength tests 
on a similar yarn but of sU^tJy 'higher count were used to estimate 
the , ratio of yarn strer^th tp: ■ginning tension U and gave a figure 
of 6.55* Ihis may give the iitpressicaii' that spinning tensiai could be 
taken m^h hl#:^r wt it must :',be -.reinersfeered that tfe roving armrging 
the deliveiy rollers is tnt^sted and therefore, weak oMipareci 
with tte finisl^ yam. 

,, ■: A typical case of speed correction is as follows: Referring 
tp^previous calcu!atic»s, a t^iem II' of 35-86 g. was by a 

speed of 5,660 i#iereas a tateicfti of 45 g. is desired. 
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All tensions at' the top of the balloons were treated in this 
way and the results are' listed in Table I and 'plotted in Fig. 19. 

It is interesting to note that ' the speed diagram is plotted 
.on tiine base, Pereas, if corrected speeds are plotted on a base of 
balloon lengths the results approximate to a straight „ line .with an 
equation:- 

G^rrected. %>eed r.p.'m./- 8,505 - L 129.86 
where L is balloon,, length in cm, 

A balloon length speed plot i^en 'winding 'on small diameters 
where there was no interference from the balloon, separators is shown 
in Fig. 20. 

The boundary, lines of the -speed diagram in Fig., .19 were based ■ 
upon a consideration of bal loon . I ength, restriction of ring rail 
movement .when forming the cop base and movement of the^la^et rail, 
and COTpare favourably with diagrams calculated for spinning cottdn 
on similar machines. 

Ihe small variation ' requir^ in periodic speed as compared' . 
to the' large change in base speed is due to the' low ratio between 
small and large diameters, ( approximately .2, half way up the bobbin). 
In cotton spinning the usual practice is to reduce the' speed some- 
what (from theoretical ly calculated values) when forming the base 
.and towards the end of the :dof fing. The reasons for these reductions 
are respectively: 

(1) Mien forming the base with a large balloon it is believed ' 
that extra tension is caused by a skipping motim of the traveller. , 

(2) At the end of the ^doffing the balloon is so short ard in- 
elastic that any discrepancies in the yarn. cause a twitching effect 

that cannot readily be absorbed by the balloon and tensions may mo- 
rmntarilybe far greater than their normal values. 



When an attempt was made to adjust the regulators^ so that 
the tachograms obtained would conform more nearly to the ideal dia- 
gram, it was found that a speedy restriction stop in the motor brush 
movement limited the max inun 'spindle speed obtainable to a range of 
6,100-6,440 r.p.m. the exact value depending upon the mains voltage. 
With motor "starting" speeds of the order of 900 to 1,000 r.p.m. and 
with large settings of the base ri^gulator, it was' foind that the top 
part of the diagrams obtained was "clipped** to the level mentioned- 
above. This effect is 'shown in Fig 21 \diere- average boundary lines 
are drawn throu# the plot points of several tachograms and "Stro- 
botac** check points. 

A reduction in starting- spe^ or in the base regulator sett- 
ing had tlte effect of " lowering •‘tfe mi nimtm. speed boundary, but left 
the central portion of '.thb 'ftei«iom line at the same 

level i.e. tending to go higher on' me diagram but being clipped by 
the motor speed rest fiction.’ ’This produced the apparently incongru- 
cos effect of a reductic^ ’in. ’^starting" speed, and/or base variation ’ 
bringing about an increase in''cha^e‘ i^ed variation. ■/ ' 

The diagram in Fig. 19, althot#i it would probably not have 
resulted in excessive threil bresicages* , could therefore have been 
obtained only by increasing the. maX’iimjm .spindle speed. Any ch^ige in 
ratio of the drive to the spindles' .however ’«»uld in turn bring 
about the added conplication of having;., to change the drive ratios' 
of all other sections of the •machine* ’l;' ;• 
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To overcome these dif ficulties the ideal diagram in Fig. 19. 
was repiotted as in Fig. 22 to give a constant tension U of 35 on. 

Oi the basis of a maxiniin speed of 6,200 r.p.m. being obtainable, 
this meant that some reduction below the ideal was inevitable towards 
the erd of the doffing, this reduction however , serving to carpen- 
sate for excessive roment ary 'tensions due to "twi telling” effects with 
stert balloons. 

Fig. 23,, shows the results of taking a previous tachograni 
and extending the horizontal scale to represent a change in the ratio 
of the drive to the base cars from 17:17 to 17:38 (standard chain 
drive sprockets),' 

^ With a starting speed of 900 r.p.m. some degree of correla- 
tion with Fig. 22 is irrmediately apparent, and closer correlation' 
could be obtained by adjustments to the regulator settings. 

It rosy be seen therefore that practical aspects of the problem and 
limi: tat ions in the machine itself modify to some extent the ideal con- 
ditions aimed at, but nevertheless an investigation frem a theo^eticai 
^int of view can be helpful as a guide to obtaining efficient util- 
ization of the machine. . ' 

Simplification of calculations. 

It will be appreciated that a considerable aroint ot calcul 
at ion is necessary in proceeding step by step as previously describ- 
ed.' These calculations can be shortened to some extent by combining 
individual steps into a simplified overall formula.. This simplific- 
ation is effected as follows:- 

Ref erring again to Figs. 4 and 15 
. Centrifugal force of one element. 

_) ^ 

(77 N)^ X stim of radii 

30 R 


and AC. =:: BC . sine_B . 

Sine A 

Tension' U.-' w . .>< .X sum of: r.adii';' x sine B 

' . v-' " ' X : 

This can be further simplified 'by inserting skein count instead 
of W. The tension U then equals. ^ 

sum of radii sine B 

skein count X' sine A_ x 4 , 6X6, 600 
#iere the sum radii is in cm. ■ ’ 

N= r.p.m. and skein count is the , Yorkshire ' system of 256 yd. 
skeins to the pound.- ‘ ' , 

Corrected speed can also be calculated by a sinplified formula: - 

If Ifc is the desi red tensio n at the top of the balloon then 
Nc =/n^ X Uc ■ 


W ^ R X (TT N 
g 30 


Total Cb = 1 X 


g 


Tension .'U 


Cb X AC 
■BC ■ 
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These fonnulae are applicable' to any machine, i.e. if a 
balloon is photographed and the speed recorded it is ^ necessary only . 
to find .the sun of the radii 'when the balloon is divided into elements 
of 1 cm. length, ineasure the tw3 angles A and B, and then insert the 
appropriate values in the fosmilae to firdU, or to ■ determine Nc for 
.any desired teosiai. 



Fig. 22 
CONCLUSIONS. 

(1) , The use o.f' a constant , speed. drive nxist result in considerable 
changes in spinning tensions. The speed imjst be low enough to pre- 
vent excessive breakages at the base and towards the end of the 
doffing. For the rerminderof the cycle considerably hi^er speeds 
can be utilized* 

(2) For any one layer of winding at constant speed the tensions are 
ni^er for the sinall diameter than for the large diameter: .and for 
any one diameter the tensions fall progressively from the base to 
the top of the bobbin. 

(3) Variable speed driving can do much towards obtaining constant 
tension and increased production, but the extent of the variation 
required must be carefully determined arxl’ due regard rmst be given 
to the practical limitations of the ring spinning process, i.e.a 
theoretical ideal diagram must ’be' '.modified to 'allow for such effects 
as traveller skipping and baliccm-twitchir^. Failure to obtain cor- 
rect regulation means that the purpose pF'v^jriable speed drive, to 
iliaintain constant tension, is 'not fully realized. 

(4) In the selection of drive- ratios to a frame’' used 'for' a'particu- , 
lar, range of counts due 'regaidi' 'tMt be paid to '"the higbsst spindle' 
speed likely to be required. Wqt -w^x'shm production it should be 

t ossible to obtfeiin tensicws approaching toe limit set by excessive ^ 
leakages; ard the spindle speeds ’necessary should be obtainable 
wbile^the full range of regulation is still available wit tout res- 
triction frcwi iiBxiiwjm motor speed' limts. '■’ / 
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Fig. 23 

(5) Speed regulation determined by the appearance and **feel** of a 
cop' is rK>t satisfactory as discrepancies in tensicm could still be 
present and a more thorough knowledge of tens icxi variations is nec-^ 
essary. 

(6) ^The large 'niiit>er of ^variable, factors such as traveller weight* , 
skein count* cop dimensions, and gei^ral characteristics' of indiv- 
idual frame design,^ preclude the possibility at this stage of deter- 
mining speed variations by a sitiple fonmila a«i each case must be 
treated on its own merits. 

(7) The photog:rai:^ic method of determining tensions produces results 
TOre accurate , than might ■ be : expected ■ at first glance, but the ' method ■ 
has . limitations-. The amount of work involved is large* and sroa'li' dis- 
crepancies may occur in drawing tangents tq plotted balloon profiles. 
Again, ^the pk>tographs cannot show the effect of air resistance in 
.producing an, "S** curve in the balloons- in a plane at Tight-, angles to" 
the photographed plane. Centrifugal force is however, large ccMpared 
with air resistance, and the iixirease in tensiai due to the latter 
cause accounts for only a small percentage increase in the tensions 
as calculated. 

(8) effect of balloon ^ards is indeterMnate, but the reduction 
in balloon size and centrifugal force is probably offset to a great 
extent by increased drag of' -Ihe balloon across the, face of the guards. 

(9) Tfp deveiopnent of a satisfactory type of direct reading tension 
recorder would facilitate ' investigations,, Tension- variations between 
the delivery rollers and tte ^ide eye could be determined reaiily; 
no factor influencing tensions would be neglected, and 'iMuy sources 
of error and a large' ‘amount Of calculatlw would be eliminated. 

(10) The tachoiTetric head mi .eloct'rcmic unit described have reach- 

ed a very satisfactory state of development.* The inliarent disadvant- 
ages of the miliiaieter recorder could be overcoro in u potenticmiet- 
ric type of 'reorder, and it. is hoped lay develc^ing such a unit to 
obtain a recordi^_ taclx»seter of hxi^ fidelity v^ch will have iMuy 
uses in the textile industry,- ■ , • , ■ 
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a3MPOSITION OF MIUML WATERS' OF CANTERBURY AND lEST CXIAST • 
DISTRICTS WITH SiTCIAL REFERSCE TO CHRISlOtlCH MTESIM WATER... 

.BY F.J.T. GRIGG., --s' DOMINION LABORATORY, WELLINGTON , DEPARTM.ENT 
OF SCIENTIFIC AND INDUSTRIAL RESEARCH. 

[l?ece.iVecf .for publication, 16th April, 1947] : 

Summar'y 

The paper is a resuKie" of investigations relating, to , the 
water supplies of Canterbury -and the West Coast districts, 
carried out by the writer or under his direction as Govern- 
ment Analyst at Christchurch, with the additio.n of, a .few prev- 
iously published results for completeness. 

In particular, an account is given of the Christchurch 
artesian supply with 'respect to mineral constituents , content , 
of dissolved gases,, iodine, fluorine, and- .other minor con- 
stituents, radioactivity, and bacteriological. conditio.ns. 

The artesian supply is water of exceptional purity for'drink- 
i.ng purposes and for commercial use it is fairly soft and , 
non-corrosive water. 

River, lake, and non-artesian well waters are discussed, 
and an account is given of the mineral waters of the distri.cts. - 

A table of the mineral content and hardness of the tow.n 
supplies of Canterbury and the West Coast ,is given.’" 

All results are expressed in parts per million in accord- . 
snce ,w»i'th recently adopted practice in New Zealand, 

INTRODUCTION 

A large nijrTl)er of analyses and investigations of water sip 
plies in Canterbury- and the ^ West Coast- districts have^bee-n made by the 
writer or under ..his direction as Government Analyst at Christchurch' ■ . 
since 1925, There is an increasing demard ■ for information on these 
matters, by ccsiiTjercial and other users of water, and as many of -the ' 
results are buried in departmental reports, the present paper is de-'- 
signed to give an indication of' the general character of the ' waters ■' 
and to simnarize available data. .Principal interest, of course, - sur- - 
rourds the Qiristchur-ch artesian system which is -unique in. ?few-7ea-'. 
ard as a water ' sifply.,- and a major as'set- to the: City of Christchurch. . 

.GEOLOG ICAL'^' OUTLI NE . 

, . Canterbury and lest land are separated by the Southern Alps, 

which are the source of most -of the rivers flowing east and west. 

The Canterbury Plains extend from the neiglhourhood of Aniberiey in 
. -Nor.th,. Canterbury ..to the 'dolerite .plateau of Tima.ru in. the Soutri, . 
with a length of about 112 miles. Tl:^ Alps^ consist chiefly of grey- 
wake, a hard siliceous material, formed chiefly out of mimrals con- 
stituting granite, viz. quartz, mica and feldspar. The plains have 
been described as river shingle and sand cemented more or less by a 
ferruginous matrix. The nature of the mountains and the plains is 
the key to the couposition of the mineral constituents of the waters, 
vMch are on the ^^role of lo^ mineralization, with silica a«i 
as the main ccniponents. 

’-.#1-.,: CHRISTCHURCH. ARTK'S IAN SYSTIM 

r The artesian area consists ,of, a bfit of pcamtry fringing the 
coast from the mouth of the Ashley 'Hi vet kwtbwards throu#i Kaiapoi, 
Taita^u, and Ellesmere to the mouth of the Hakaia Hiver. It is about 
SO miles long, narrcsw at' the. .north and south, but r’eacMpg'a width 
of about 10 miles at Christdmirdh. , „ . ■■■ • ; : ' 

For ...a full geological *'discusslw of the origin a!x! struc'tiire ' 
of beds siralying artesiant waters, "geological literature should be 
consulted, but briefly it' may be sard that the land under Christ- 
church cwisists of irregular beds of shingle separated % layers of clay 

* Previowaly Gpvcrnyieftt Analyst, Cfef'istcbvreh* - , ' 
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or other inpermeable material such as sand or consolidated beds of 
gravel. There are also peat beds and some belts of marine shells/ 

The wells vary in depth, some tapping strata near the surface, 
others reaching a depth of over 700 feet. 

OTHER water SOURCES 

^ Apart from analyses of waters of the artesian system this 
paper will inclucle analyses of typical lake, river, and' shallow well 
water (non-artesian) ana an account will be given of the mineral 
waters of .the district. It may be stated that Canterbury pii>lic wat- 
er ^stpplies are mainly derived from, wells, viz. the stfpiy of . Christ- 
church is wholly from artesian water, and those of Rangiora, Ashbur- 
,. ton,,md Tenajka are derived frwi well water (non-artesian). Timaru, Waimate 
Geraid.ine,, Kaikoura .and Harmer derive their supplies from river water.. 

Cb the West Coast,, .the Westport stpply is strean water, the ' 
.Greynouth' supply is puiped from a. .'well near .the Grey river,- arrf ffo- 
kitika is supplied from both Lake Kanieri and from a' well near . the 
ffokitika River. A simnary of the mineral ccarposition of the town 
' supplies is i.ncl.uded.ln. this paper. 

COMPOSITION OF THE WATERS 

(A) Christchurch Artesian Water, It is eiiphasized that wat- 
ers from .Various strata and, localities vary appreciably in conposit- 
ion ard., as industries .usually sink their ..own wells, for comR^rciai 
purposes an analysis should always be made of the water ' -from the 
bore -to be 'used. The chemical 'and bacteriological analyses given. ^ 

^1.1 tewever give a good indication of the quality of the main 
Christchurch artesian supply. It will he noted that arnnoniacal nit- 
rogen and organic ^matter are absent, total solids are low, and bact- 
eriologicai condition very satisfactory. Tefiporary hardness varies ' 
from about 40 to 70 parts per million and permarient hardness is usii-' 
ally ml but may be present up to .about 20 parts in some cases. ' 
of the artesian water is- of the -excellent quality re- 
presented by the chemical bacteriological analyses, ’but there' ■ 
are iii|x>rt ant exceptions, viz. certain waters containing iron 
suiphuret ted^ hydrogen, ' from in such areas as New Brighton, Bur- 

woOT, Kaiapol, kaikuku ^ach, and other diverse localities. (These 
TOters are not recoomended for dcsnestic use. ) The amount of iron in 
these cases varies^ frcmi a trace to- -0.5 part per million,- and sul- 
phide is, in . sufficient .. quantity, to be apparent by odour* Presunably ' 
such waters arise from beds of peaty material and contact the 'ferru-' 
ginous-irntrix. In areas vdiere these bores- are located -however good' 
water can generally be obtained .by -tawing suitable strata, e.g!" 

-good ptable waters are available at Waikuku Beach and North Brighton 
.froB bor^ quite close to those giving', inferior water. ' 
i-Hc* are wells in area, .fringing the foot of ' - 

the Port Hills in the vicinity of the Estuary. Some of these are 
high in^aim^iacal nitrogen and contain angular fragments of volcan- 
ic origin. Others contain more mineral constituents and are harder 
■ water-s, - ... . - - 

also abnormal waters- in the locality of Banks Pen- 
insula ^ich^however are probably not artesian. 

i ‘ ? following paragraphs the principal characteristics of 
i:^s^i4licated^-^^^^ artesian ;^ter will be described under the head- 

(1) Major Organi^c and Inorganic 'Constituents; 

The following is a typical amlysis:- ,• 

Sl^el 1 . 

Colour . .. , ^ 


Nitrites , ’ ‘ 

' Ni t r at e hi t rogen 
Antiteniacal nitrc^en 
Albutinoid nitrogen 

absorbed in four hours at 80 %. 

Iron ‘ 

^Nbte: -titrates vary cmsider^ly .-aecordina' 
to location (O.L'to-' ■ 


p.p.m. 

Nil 

Less than 0.002 
,Less than O.CX}2 
Less than 0.02' 
Nil 
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Silicate ion (SiOg) 21 
Qiloride ion (Cl) - 10 
Nitrate ion (NCfe) 4 
Sulphate ion (SO4) 4 
SodiuB ion (Na) 9 
Fbtassium ion (K) 3 
C^iciun io,n,(Ca) 21 
Bicarbonate ion (HDCls) „ 65 
loss due to bicarbonate ion 33 
Total Solids at lOS^C. 104 
pH , 6.8 


(2) Dissolved Gases 

In .most well waters the dissolved gases are not in equilibriifti. 
with the atnosphere, and the annunts of gases are.^ thus ^.generally 
different from those present in water saturated with air.', 

.Qiristchurch artesian waters contain more .nitrogen and less ■ 
oxygen than is present in distil led ^water ,s.haken with air. 

Free carbon dioxide is low in ^Christchurch artesian, water, 
which is fortunate" as this constituent is a major cause of corrosion , 
in pipes and fittings. In this respect, the artesian water differs ... 
ma.rkedly from other well .waters of Canterbury which are;ne.arly .all 
high in free carbon dioxide- and much more ^ corrosive. 

The -results of a niJiber of determinations of dissolved. ca.rbv. 
on dioxide,^ o^gen and nitrogen are given below with figures for , 
normal saturation for ccoparison. 

The results are in grans per million parts of water. 


LOCATION ' 

pH 

CARBON DIOXIDE 

OXYGEN 

NITROGEN 

Sydenham (70 ft.) 

7.2 

3.5 

4.6 

25.4 

St. Albans (160. ft,') 

7.4 

1.6 

6,6 

22.4 

(280 ft.) 

7.4 

1.0 

6.6 

21.0 

" ” (420 ft.) 

7.4 

1.0 

6.6 

26.6 

Greenpark (350 ft.) 
Distilled. Water saturated ... 
with air at 57^. 


- 

'6.4 , 

24.5 

» 

* 

10.3 

16.7 


.From the above fibres, it will be noted that oxygen is very 
ccMisiderably lower and nitrogen very much highertlian in distilled water 
saturated with air at the same toiperature. The noroBl balance iray 
be obtained^foy cascading or spraying the water. The excess of nitro- 
gen arri deficiency .of oxygen is harmful to fish life, and artesian 
mter should be aerated if used as a supply for fish pcrds etc. 

(3) Iodine. 

Iodine in Christchurch artesian water has been determined 
by^Rogers (1) in 1927, 'and 1:^ B. 'L. Andrew about 1930, &gers oh^ 
tained figures of the order of lx 10-^ g. of iodine per cubic cent- ■„ 
imeire for artesian water, and Andrew’s' ur^ublished result confirmed 
the auDunt as' a very low one. 

It has rot’ been possible for."' the writer to make more ccm» 
plete investigations ‘Owing to the large amount of wrk involved in 
the determination of traces of iodine, but there is every reason ^ 
to believe that the iodine;, content of Christchurch artesian water 
is low. ■ 

(4] Fluorine in South Island waters ’’has’ Deen determined in the 
writer’s laboratory by CF., iBerwiead (2), The value for Christchurch 
artesian water is refsorted as not greater than O.IO part per million, 
the probable value being about 0,06 part per million. 'This is a very 
low value, and all otl^r waters from' dsenterbury 'and %stla«i with 

the exception of a few mre highly miraeralised waters, have given - ' ■ 

values under 0.® part per million,. -s. , ^ 
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(5) Other Mimr Constituents. 

Reference hs.s already been made to the presence of iron^and 
sulphuretted hydrogen in certain exceptional strata, but the mam 
strata yield water free of these substances. 

m evidence has been obtained of the presence of appreciable^ ^ 
aiTDiiets of any rninor mineral' constituents other than those recorded in Ia e 
analyses quoted, anc'l it appears unlikely that such are present in 
quantities of infx>rtance to industry or pi^lic health., 

(6) Fadioactivity. 

» Radiim emanation was determined bv Farr are! Florance (3) in 
1909, also by the writer' and Rogers in 1922, aix! again by ^Rogers m 
1927 (1). Farr and Florance ’s values have been expressed in terns 
of grams by Maclaurin, a typical value for radium emanation being 
0.998 10 -^2 ■ per ciisic centimetre. This value is high for a 

water of low mineralization, and is coiiparable with tfet of nore ;^^. 
highly mineralised waters in Furope. mere was no evidence of radium 
salts in solution, and' the dissolved radiim itself trust be present 
in very minute quantity. 


(7) Bacteriological -Analyses. 

Since the beginning of 1946 bacteriological examinations 
have been carried out systematically of the City Council wells 
sillying , Christchurch City. Tyro' wells have been examined each month 
. and the ■ samples have been consistently of good quality The fol- 
lowmg fi:gures' give a typical analysis,' together with maximum and 
miminijm vaioes to date. 

MAXIMUM MINIMUM 

Plate, Count on Standard Agar at 37°C 100 500 . 10 

, 7' " ” „ » ' 22''C. 700 3,000 • 100 , 

Coiiiorm Organism's , - « ' , , 

lifost Probable Mjifcer/ 100 .ml. Nil ' - 


'(B) Weii ifeters (non-arfesianj . ' . ' 

. Water' can be obtained. frcm'We.Iis: in most parts of Canter* 
bury Plains and in favourable localities- on the West Cbast. A typ*- . 
ical -analysis is given below, ..It may be mentioned that marw, of, ' these 
'waters, are aggressive owing to -the' 'presence of dissolved <£ir!x>n di.* . 
oxide in„considerable; quantity '.and there 'is, marked, .evidence' -of cor* ' ■ 
rosion in fittings, and blocking of pipes where, wells are , reticulated., 
^In North Canterbury,, „wells -i-n 'the limestone, country are hii^- 
er un, ouneral content liave a ,hi^ taiporary hardnes's* , 

, ■ ' The following "is -.an analysis 'of , a' typical' shallow weil' wat-, ' - 
„er '(mn*artesian').- .The : locality .is Rangiora. 


Silicate ion „ 

Chloride ion 
Sulphate ion 
Alkali (as Na ion)- . v,; 
Calcium ion ■ 

Ma^esiim ion 
Aluminims ion 
Bicarbcnate {astJaCDs) 

, Total' solids 
' Carbon dioxide (free) 
Oxygen . . 

Iron . " ' 


6.0 ' 
2.4 
11.1 
12.4 

3.6 

' 1.2 
18.9 
75*4 
12.0 
9.0 

>'ijess than 0.02 

6.6 
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(C) ^iver and Lake infers. 

There are large ntffTi>ers of lakes in the nouiitainous areas., 
and rivers crossing the Plains. The lakes are mainly snow-led. and. 
are remarkablej as a result, for their low mineralisation. In the 
glaciat^ areas^the lake waters, smsetimes .contain in a state of very fine 
suspension, siliceous material which can be rerroved on.ly partly. by 
o.rdinary filtratio,n. This suspended material is nearly ail silica, 
with a trace only of iron, altmina and calcium.. 

The rivers in Canterbury are. subject to heavy flooding, arri . 
carry on the,s.e occasions large amounts pf suspended material, large-, 
ly inorganic. 

Oi, the West Coast the chemical composition, of .the, waters 
in lakes and rivers' is generally similar to that' of the Canterbury ■, 
district,, but large .amounts of dissolved.organic iiia.tter are usually 
present, derived frmi the luxuriant vegetation of the ■ district. This ■ ■ 

. organic matter col.our.s . the water green or brown and renders it un,at-, 
tractive for con'mercial and dcxnestic use ursless treated. 

In the vicinity of the coal mines some of the seq"«age water , 
contains traces of sulphates and is slightly acid, a,nd , there are ai- 
,so well waters containing iron. In general however these constituents , , 
are absent frcsm lest Cbast waters. 

Ai analysis of a l^rth Canterbury river water and that of a- 
lake water are .given below. The lake water is from Lake Ibnn (Ash- 
burton Cj3rge) and, is of exertional ly low mineralization, . The anal- 
ysis in thi.s,^case is. not quite conplete as the low mineralization 
did not permit a full analysis, on the. amount of sanple availal'^le.: 


River I’ater. , P-P-®* 

Silicate ion 
Chloride ion. 

Nitrate ion , , 

Su,iphate ion 
Alkali (as Na ion). 

Calcium ion , 

Ma^es ium. ,, ion, , 

Bi,carbonate ion ^ ■ 

Loss due .to .bicarb, - ion 
Total' solids, ' . 

Iron . . 


Lal^.e, Water, ^ 

Silicate and;Alkali 
Chloride ion 
Botassiun ion 
Phosphate ion 

Iron 

Bicarbonate ion ^ 

Ckygen absorbed ih'4 hours. :at; 0*82 

(D) Mineral Ifeters. , ^ ’ *' ' ^ -- 

Uider this healing' may 'be includi^ waters ^containing n©re'' 
than the normal amount of '-dissolved nuneral constituents usually as- 
sociated with pottle waters or' possessing musual cnaracter- 


■' ' 3'. 

11 

12 

9 

Trace 

27 

. 14., 
,■ . 79 ' 

^ 0.1 
5.7 


It>t' . "dete^'mined' 
3.0 

.Less than 1.0 
■ 'Less". .'than "1.0, • 

, ■ . V ' 
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Tliere are two groups of interest in Canterbury j viz, seme 
sulphuretted waters in North Canterbury, and wells' in the vicinity 
of Lyttelton Harbour, (Banks Peninsula) ^^ich are characterized by 
their content of magnesiun salts • 

Hie North CSnterbury group include the well known Hanmer 
water, the hot springs at Maruia and waters from the i^er Hurunui 
Val ley and 'Qjlverden. The two latter are of low mineralization only 
but are both sulphuretted. Analyses of Hanmer and Maruia water are 
given below. The analyses quoted were made at the nion Labor- 
atory^ Wellington, but partial analyses of both waters have since 
been made by the' writer indicating that the conposition has sl:K>wn - 
no appreciabie change. The most interest ing^ fact is the presence of 
■boron in Kantier water. Tlie Hanmer water is in regular use for cur- 
ative puqioses and, some use 'is also made of the !^!aruia spring water. 


Hanmer Water ' p.p.m- 

Metasilicic acid HsSiOs 
Metaboric acid, HBQp 
(equivalent to BgOs) 200 

Aluminium ion (Al+t*^) 1*0 

Calcium ion (Ca+t) ,10.0 

Magnesium ion (Mg+t.) 0«3 

Sodium ion (Na+) 379 ' 

Potassium^ ion , 4.0 

Ammonium ion (1^4"^) 3.0 

.Sulphate ion (SO4--) 18.9 

Chloride ion (C1-) ■ ' ■ 483 

Hydrosulphide ion (HS-) 4.7 

Bicarbonate ion ' 

( HOOs- ) by d i f f er enc e 196 

Hydrogen- ion concentration, PP 8.0 

Total dissolved solids at llO^C. 1,185 


Maruia Springs 

Silica (SiOg)- ■ 71.8 

Aluminium : ion ' (A1+++) ' ,1.8 

Ferric ion (Fe+t+\ ■ 0.2 

Magnesium ion (Mg'^t ) 0.7 

Calcium ion : (Ca+'t)- , ' 5.7 

Sodium ion (Nat) 165 

Potassium ion (Rt^ 7.9 

Aoimnium, ion (NH44)- 3.6 

Sulphate ion (SO4--) 50,7 

Qiloride ion (C1-) 152 

Bicarbonate ion (BOO3- 139 

Iodine (I) f. trace 

Boron trioxide, {B2D3) trace only 

Sulphuretted hydrogen* (HsS) strong 

Total dissolved mineral solids 598 


The Lyttelton Harbour group incline a series from Charteris 
Bay, Qiorch Bay, He at hcotq and Okain Bay (Bank Is Pensula) the an 
alyses of which are recorded by Maclaurin (4). These waters are of 
total solid content 1,'645l- 1, 160,, 1,125 and 11,290 parts i^r million 
respectively, and , contain, magnesium chloride and sulphate, ^ and sod- 
ium chloride. They are 'all unsuitable for domestic, corrmercial or 
medicinal use." These analyses ' have ■■ not been repeated in ‘recent years 
but the writer has exanined Recently a water from Diairood Harbour 
ccxitaining 6,215 parts per 'miflim of solids with a predominance of 
sodim chloride arxi the chlorides and sulphates of magnesium and 
calcium- 
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other waters inr this locality are reported fron Teddington, 
Kaituna Valley, and the Little River fibad. 

Mineral waters have also been reported fron Aiberley,, Lake 
Sttmers lower Otira Gorge, Fox River and the Franz Joseph Glacier, 
but these are all of low mineralizaticn. 

Within the town area of Timaru which is located, on a doler-; 
ite plateau a ntnrber of bores have been sunk and water sii|3plies ob- ^ ' 
tained. Oie of ^ these recently examined contained 1,240 parts per ; L'. 
million of solids with a.predoniinance of chlorides and nitrates, the 
tenporary and permanent hardness of . this water were 185 and 70 parts, . 
per million respectively.. , ■ 

town supplies 

The following is a summary of the total solid content and 
hardness of the principal fxibiic supilies of Canterbury and West 
Qsast districts. It is, again emphasized that for commercial purposes, 
particularly tdier'e artesian water is to be used, .an analysis should, be 
made of the individual sipply as artesian 'weii waters stew slight 
variations in ccMposit ion according to locality and strata from which 
they are derived. 

The. figures under the heading "hardness” are methyl orange 
alkalinity expressed as parts per million of calcium carbonate. 

Permanent hardness as ordinarily understood is absent or 
present in negligible quantity in the main Qiristchurch sifply and ,, 
the other supplies mentioned: - 


TOTAL SOLIDS 
' ■ (PvP.m. ) 

Christchurch (artesian) 70 to 110 

ilARDNES'S 

(p.p.m.) 

.. 40 to 70' 

Lyttelton; 

Kl.ikoura 

165 

95' 

80 

50 

Hanmer 

50 

25^ ' 

Rangiora 

65.. 

40 

Akaroa , 

60 

■30 

Ashburton 

80 

., .'SO'" ' 

Terrwka, , 

50 


Geraldine 

60 


Fairlie 

so 

^ V '..'35 f: 

Timaru 

45 


¥/airaate 

60 

40-" 

Westport; ' ' 

50 

:■■■■,:■./,.■'•■■■■'' 'SO--,' 

I-feefton ' 

55 

..""■-■"..'-■'.■■■-SS -■■■ 

Greymouth'.;.,. ■ . 

125 ■ 

v„".v.','.v55:. 

Hokitika" (Lake: 

■Kanieri) ■ ■55 


'%SS 
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GIPSIM AT imiE ISLMt) 

BY C.A. FLEMING, NEW ZEALAND GEOLOGICAL SURVEY, DEPAKTMENT 
OF SCIEHTIFIC AND INDUSTRIAL KESEASCH. 

[Received for publication^ Sth July^ 1947] 

Summary 

Gypsum is a common ‘product of 'Hydrothermal alteration in 
the crater of White- Island , , But; none of the deposits there . 
.contain sufficient of Lhe miner'a-l .either for the many fact ure 
of plaster of Paris or for use as^' a retarder' in Portland cem- . 
ent, so that economic 'exploitation of. the deposits is .imposs- : 
ible. 

INTRODUCT'XON'. , 

The' difficulty of satisfying the daiwid for gypsiin in the' 
'New Zealand, building 'irriustiy. led. to the investigation of possible 
gypstm- bearing d^sits at mite Island during the e3«pedition of the 
Department of Scientific and Industrial Tfesearch in Jarimry, 1947. 
G^rpsum has been noted by roost geologists wk) have visited or reported 
on.lliite Island .during, the pas't 75 years (Hochestetter'j. 1867;.. Hector, 
1871; Cox, 1882,;. Bartrum, 1926;^ Grange, . 1927, etc. ) and .at\one time 
fliite Island Products Go-, obtained a product sold as "sulphur- gypsum 
fertiliser" viiich .appeared , to.' "contain a fair aimmt of gypsum".. 
(Grange, or. cit. ), , 

TOPOGRAPHY- AND GENERAL G'E'OLGGY. • 

, , Detailed accounts ’ of , the .geo-logy of White Islarri. and. of the 
hydrothermal activity in- the crater are 'in preparation, .and the fok 
lowing brief outline serves- merely to introduce discussion of- the^ ... 
..gypsun deposits... More detailed accounts of the island are listed in: . 
the bibliography. 

mite' Island is an -active volcano situated in .the Bay -of • 
Plenty some 35 miles north- north-east of Miakatane and 60 miles east, 
of Tauranga. The islard occi|>.ies an area o.f about square mile; .its. 
coasts a.re. exposed and rocky and. there is no perman.entiy .sheltered-, 
ancliorage Tor shipping. From the. -coastline the island .rise-s steeply. ■ 
to heights of over 1,000 ft. - except on the east v^iere a -steep ■:wailed 
crater has been breached by the sea. The crater is about 60 chains 
long ard 20 chains wide; its floor rises irregularly from sea- level 
in the east to over 200 ft. in tl^ west, beneath the highest points 
on the surrourding crater rim (1,053 ft.). Active and dormant fism- 
roles, hot pools and many small vents are distributed over the cen- 
tral and western portions of the crater, and from these active areas 
a hot stresm drains seawards to Crater Bay. T!% crater floor is part- 
ly covered by irregular mounds of altered andesitic agploroerate 
formed by a disastrous landslip. and lahar of 1914. Projecting spurs 
the crater walls, rock slides^ talus slc^s, and reonants of 
ancient high level crater floor de^sits diversify the nargins of 
the crater. ’ ■ . ' 

Occurrence and Origin of Qypsm:. The origin of gypsun at ^hite Is- 
lard has been considered by Bartrim (1926, p» 26^ described how 
the acidic fumes from active Timaroles attack plagioclase feldspars 
in the aixlesitic lavas and breccias to produce sulptetes of calf inn* 
Gypsum is still being produced by this ;inethod, and is also prcminent 
in altered deposits at the sites. of or dying funarolic activ- 

ity. Probably m part of the island is quite free fr^ tl» effects 
of the permeation of acid gases. All the ephemeral rainwater streams 
on. the outer slopes of. volcano carry dissolved salts® and the 

ground water that "emerges as ' brings :bet^n’ tide ’TOrks' -on 

coast is hot a«3 strongly acid.-:-:'||?dro'thefi»i alteration' of feldspars 
to gypsun is tim wMespread,, crystals were ckserved in 

the field in deccwfsosed breccias, -tuff, atad ash, not only near the 
active fuwroles fcwt on other parts "q.f' the-- crater' floor, on the crat 
er wails and even on the outer' parts' .'slc^s of the volcano- 
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Xevertheiess^ as is to be^ expected, the most conspicuously gypsmi” 
bearing deposits are confined to the crater. 

In addition to the occurrence of .gypsim in ramifying vein- 
lets or as disserrinated crystals in altered andesitic\debris, in the 
V, rails ard in the lahar mounds, this mineral is deposited as layers 
of i-arying thickness on the floors of the alluviated flats Ordering 
the hot mineral streams. On., the floor of one such flood plain, below 
the hot acid lake occurring the site of Big Donald Biovtele*. a^crust 
of inpure crystalline gypsum about,, .an inch thick was arranged in, 
f»lygonai ‘slabs separated by raised welts. Be.iow the' surface crust 
alternating layers of ashy silt and crystalline gypsum were exposed 
to the depth of a foot, and a representative, sanpie collected frcra .. 
the surface to that depth proved on^ana.lysis 'to contain 43.8 per-- 
cent gjpsim. Hie area of thi.,s d^aosit- was less than a square chain.. . 

Iforizontai lenticles of acicuiar and platy crystalline gyp-,; 
sui!. (selenite) arranged normal ’to .the bedding or , in roughly radial., 
clusters are not uncoRniDn in the old crater floor .deposits' in the 
portions of the crater, seaward of the site of the lake present prior 
to the 1914 eruption. Such lenticles, examined in the banks of the 
Crater Bay Stream, reach a inaxiiMi thickness of about Sin. ' (Fig. 1) 
but thin within a few yards to an inch -or less., pie crater floor de'- , 
posits traversed by the Crater Bay 'Stream underlie and antedate the 
ffioufKis deposited by the 1914 lahar. The 3 ft., section exposed shows 
that such beds consist chiefly of rudely stratified, altered breccias 
and sands wdth mi.r»r lenticles: of gypsum as described. A saoople .tak- 
en from a 3 ft. section proved to contain ,12.2 per cent, gypsum. ■ , 

■ Both the gyp.siiTs being deposited at present on flats beside ' 
hot .mi.nerai.ized springs and that visible in sections through older 
deposits probably originated in part ^ the evaporation and ccK)^ling 
of iiiineraiized waters containing- .calcium sulphate .and ' in. part by the 
Ci^illary up- rise to the surface of waters 'containing the salt de- 
r,ived from altered., rocks at depth. 

In 'a manuscript report by. J;H. ^Coosman on Sulphur Deposits 
at Wiite Island, dated May, 1933, (oow^ in the possession of Mr,G.R. 
Buttle, the owner of %iite Island), referrence is made to ..a largfe 
tonnage of gypsum on the north coast. -This deposit visited ^ by 
Mr. J. ' Healy of "tte. Zealand Geological Survey 'and. 'Mr. Buttle on 
the 22nd Febuary, 1947, The saople of white fir^.ly granular 'material 
collected by them (N. 337) .was . found, to consist of glassy, or colloid- 
al silica and contained . no gypsuB* 

To .suRinarize, gypsm-is a characteristic and widespread ' 
product of hydrotitermal activity at Wiite Island, particularly in the 
crater where altered agglomerate, talus and lahar mounds all contain 
tfe irdnerai to scsm extent (14,. 5 to 19.5 per cent.) in additicm, con- 
temporary and ancient crater floor deposits contain very small and 
localized concentrations of gypsum, although their over- all content 
of the mineral probably 'nowhere exceeds 20 per cent, 

PROSPECTS OF COMMERCIAL EXPLOITATION, 

The ecoronaic gypstm deposits of the world are, with few ex- • 
ceptions, located in areas of arid or seni-arid climates or in sedi- 
nentary rocks formed' under such ccxiditions in the past. Most of such 
deposits originated by efflorescence, by the evaporation of. periodic- 
ally flooded anm^of the sea, by dtepositioe at springs by groimd wat- 
er, or by the disintegration 'and. reaccupoulation of pre-existing de- 
posits. Such defsosits of gypsum are-olten reimarkably pure, and in the 
Hiited States, for in^stance (Stone, 19^) it is not custcmary to 
beneliciate ores' except for very special pptposes (inedical 

plaster of FSris,' etc»«)» . . ' 

'in AustralM^'t Janes, gypsum occurs as rscxiules in clays, 

earthy superficial deposits-'of 'gypsite,- and aeolian accixmlations 'from 
the disruption of originally" stratified beds. 

’ j€|>an, like'lfew Zeal^id, lies in a middle latitude -hi^ rain- 
fall area wiere present ccndi t ions ' are- 'unfavourable for the deposit 
of gj^uro in worMble deposits from normal sea-water and groimd-water, 
Ifcr, in either oouitry ■, have conditions Airing past geologic time 
favoured gypstwi acctiailatiori; ■ ' 
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Fig. 1. Poitidn of lenticle of selenite crystals, from crstcr- 


floor deposits exposed in bank of Crater Bay Streaia, 

White Island. The specimen is 8^4 inches long and 5 
inche/s, thick.. Photo by f.H,?. Baker., 

In Jfipart (General Bbadquarters, Supreme Gomiander for the Allied Pow- 
ers 1§46) deposits of . gypsim' are all ■ hydrothermal in^ orgin,ocairTiEg' ' 
as iMssive -lenticular bodies, usually in tuff, close to igneous in- 
trusions. Japanese grosiui is low in grade, ' averaging 33 per cent. SCh 
(72 per cent, gypsum) with 0.66 to 3.3 per cent, of the total suitable 
for piaster manufacture. The Japar^se deposits have been adequate to" 
i!»et the country's demands for cement grade gypsum, but not for plaster 
grade naterial, of ydiich 80 per 'cent, has been imported. 

The chieiF industrial uses of gypsim are (a) calcined, in the 
mamifacture of plaster of Paris and other plasters, and (b) crude as» 
a retarder in Portland ceiaent ramufacture. 

For the tpanufacture of plaster of Paris, gypsitn ores of a re- 
lative purity are necessary, and no such ores have c^n utiliied con- 
taining less than 42 per cent. SQg (equivalent to;^! per cent, gypstm). 
ffone of the White. Island deposits' i^sproaches such 'a grade? the richest 
sanple contained' 20 par cent. SOs(43.8 per cent, gypsum). Unless, there* 
fore,, wrificatic^' of such low gr^e deposits could be effected econ- 
csmically, is no prospect of obtaining the 'raw materials of piast- 

er of Baris at'lifiite Island. 

■ In Portland mmnt mapifacture, tm gypsm,is used m a re- 
tarder, and since the SQ 3 'is the active retarding . agept , the quality 
of the ore is usually ej^ressed in terms of the percentage of 
In Australia (Tones, 19®, p* 41) it has been noted that it 

is desirable that the 'SQ 3 Content 'of .gypsum for use -in cement' iMiuf- , 
facture skwid exceed 40 per cent.'..,, lower grade, material carryir^* 35 
per cent* can 'be u^ed' with satisf^tory results**. In Japan (op. cit.) 
gypsiiH classified as cement grade contains 30-39 per' cmt* ^ '(aver- 
age 33 per cent.).. It .-'is uni ihely, /therefore, that »aterial -contain- 
ing less than 3 o per cmt* SOs could be utilised- ,in mant^fact- 
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ure. ."G^ipsum, being bulky for its value,- cannot be successfully work- 
ed if. subject to excessive haulage charges” (Jones, 1925, p, 5) so 
that any l.ncrease in costs incurred by the extraction of gypsum from the 
inpure de|X)sits at lliite Island (7.2 to 19.5 per cent, gypsim, ^or 
3-9 per cent. would alnx>st certainly prevent its utilisation,. 

CONCLUSION 

Altteuth g^sun is a coiimon product of the hydro thentei alt- 
erations o.f 'rocks .in the crater^of wiite Island, mne of the- deposits 
tested contain g^ypsum in sufficient concentration even for use as a 
retarder, in cemnt 5 .and' there is no gypsum of sufficient purity for 
use .in. plaster HBBufacturev-. Any uitization of Wiite Island gs/psim 
would entail refining a low grade ore, a. procedure without precedence , 
.any^ere: in, the, .world. The -exploitation, of Ihite Islarx! fo.r sulphur 
and other products at various times within the last 60, yeats has nev-, 
er been econcmically successful owing to the- cost of, maintaining a h 
plant at the island, to shipping and .labour- difficulties, and, imst 
..of. all, to ^ the absence of enough suitable ores. The san«’ f actors ' pro- . 
Iiibit consideration , of the island as a .potential source of .gypsum for," 
commercial purposes. 


TABLE !.- A.NALYS,ES OF' GYPSUM-B.EARING SEDIMENTS FROM WHITE ISLAND. 
- (DOM,INION LABORATORY*. J.J.S. CORNES, ANALYST). ,. 


DOM. 

LAB. NO. 

FIELD 
■ NO. 

GY,PSIIM 
(PER GENT.) 

■' NATURE OF RESIDUE, ' 

•^N.^13/1- 

F'S 

14,5 

Largely yel 1 owish ' fer r ic sulphate."- ' ' 

/2 

F ,6 

.43, ,8 

”Cla-y”, with some sulphur. 

- /3 

F 10 

■19.5 

Glass'y -ves icul ar ' andes i te; white pieces of 
part ial ly decomposed rock. 

/4 

F 11 

7.2 

Same as .1-13/3 

/, /S 

F i2 

1,8.0 

II ' .« ■ « 

/7 

"F 17 

12. .'2 

Glassy a'n-des ite , . but mainly white- d,eco.mposed , 
rock conta ining , decompose.d alkaii.es, ■ 

N. 337 : 

F 18 

Nil . , 

All, "but 3,-per 'cent. glassy or colloidal 'si'lica 
residual ). 'with fine .pumice.'ous structure. 


LOCA,L.ITIES; , N. 113/1 (F S'): /.Foot .of c'rater-wal-l ta'l'iis/ .8 c-liains 'easi., o"f, - 
Little Donald Blowho'le , f rom ,-cl eaned 4 ft'. , f.ac.e,. ' 

N.- 1.13/2 (F. S}:,; One: ■ f oot 'Cut in surf 0 C:e-, o-f 'al,l«vial flat--- 
near outlet of ,Gr„ee.n Lake., 

N, '113/3' (F’ 10'):-' ' Material' of' -'1914 laha'r , 'S .chains fro'ai Cra.tej* 

, Bay*, f-rom' '4' ,ft. face..' 

N. 113/4 (F 11); Surfa.ce alluviua near fumaroles in Big 
Donald Area, 

N, 113/S (F 12)5;’ Hater ial of 1914 lahar, cleaned 3 ft* face, 

N, 113/7 (F 7); Mouth of hot stream draining into Crater Bay, 
Cleaned 3 ft. face in ol {!■='■' crater, floor deposits, exposing 
gypsum layers -up' to 3in, thick in sands and fine breccia. 

N. 337 (F 18); North slope' of White ^Island* half-way between 
rim and coast. Deposits of^ conspicuous white material pre- 
vio'us.l'y.:, :-repp^ , ■ 


1- BAfOKUM, T.A. (1926): M^ite Island Volcano. N,Z. J. Sci. 

and Tech:,-, ', 261 - 6 . 
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5. HCnSTETTlR, F. von. (1867'): . "New Zealand", 

6. JCMES, L.J. (1925); Tlie Gypsum "“Deposits of New South Wales. 

N .S .W. Geo:f .-Sufv. and Minera I Nes.ources , ' 33 '1,-4$. 

7. STCME, R.W. ( 1920): ■ Gypsum Deposits of the United States. 

U.S. Geoi. Survey Bui L 697 . 

8. Generar Headquarters,,. Supreme' Commander for Adlied Powers 

(1946): Limestone, ■ Lime and Gypsum Resources' 
in Japan.' Nat ura'/ P.esources Sect. Rep, 60. 




:9 


The n.2. Journal of Science and Technology [sept. 



90 


194 7]. Hayes.- Earthquakes in New Zealand 


Earthquakes in New Zealand, During the Year i946 


BY R.C. HAYES, DOMINION ' OBSERVATORY. DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH, WELLINGTON' 

[ReceiVecf for publication^ 25th July , 1947] \ 

The acconpanying map shows the epicentres of earthpuakes in 
the New Zealand Region during the Year 1946. Shocks with origins 
de^er than normal are indicated by special syrrixsls. Accuracy of: 
epicentre ' determination is also indicated. 

Ihe two inset, maps show the s^roximate isoseismals of two 
of the most notable shocks during the year. 

Some additional-particulars of the earthquakes whose opio- . 
Centres are shown on the map, are given below ; - 


No. 

Date 

and 


Max imum Felt 

No. 

Date 

and 


Ma3timum 

Felt 


Time 

(G 

..M. 

T,)** 

Intens it y 


Time 

(G. 

M.T.)* 

Int ensi 

ty „ ' 






(M -M) 





(M-, 

M) 


1946 

d. 

h. 

m. 


tmm 

1946 

d. 

h. 

m. 



1 

Jan. 

1 

13 

24.9 

11+ 

VI 

Apr . 

3 

10 

01.7 

V, 


2 


S 

22 

I'Oca 

II 


7 

21 

49, 2 

- 


3 


6 

02 

0 1 . S 

IV 



8 

13 

06.4 

» 


4 


10 

16 

40.0 

II? 

:^K m 


8 

14 

10,7 

III 


S 


14 

02 

29.2 

- ■ 



9 

07 

46.5 

IV 


6 


14 

07 

32. 6 

III 

:ll « 


13 

10 

5 6,0 

■ III 


7. 


IS 

10 

S2ca 

I' 

SO 


16 

21 

17.9 

V 


8 


IS 

12 

42ca 

II 

51 


19 

19 

33.5 



9 


IS 

14 

26.1 

“ 

52 


22 

18 

19.6 

in 


• 10. 


28 

11 

59ca 

III 

53 


24 

02 

44.1 



n 


28 

16 

50.1 

IV 

54 


27 

!9 

S4.9 

IV 


12 

13 

14 

15 

16 

17 

18 

Feb. 

1 

2 

4 

7 

10 

12 

12 

21 

18 

21 

00 

11 

00 

05 

38.2 

43.3 
47.0 
2 6.0 

12.4 

40.2 

53.3 

in 

III 

IV 

III 

S H g ht 

55 

56 

57 

58 

59 

60 

May 

30 

1 

2 

7 

7 

8 

15 

06 

10 

07 

14 

01 

33. 2 
44ca 
sa.4 
04.5 

13.0 

24.0 

IV 

III 

IV • 

IV 

,-II' .'■•' 


19 

20 


12 

15 

06 

IS 

16.5 

32.7 

■ yi+ 

IV 

0.1 

62 

63 


8 

8 

9 

03 

19 

00 

22.9 
12.6 
06. 1 

IX':' 

r'V:" 


21 


16 

03 

44.6 

III 

64 


9 

04 

10.6 

IV 


22 


16 '■ 

22 

53. 1 

1 1 1+ 

65 


9 

04 

44. 6 

II? 


23 


19 

09 

55. 9 

III 

66 


12 

10 

57.9 

-'II 


24 


21 

07 

32. 8 

■."■'■ IV ■ ■■■ 

67 


,,13 

16 

35.8 



25 


21 

23 

46. 1 

IV 

68 



17 

S3ca 

V 


26 


24 

23 

12.6 

- 

69 


19 

06 

Ilea 

1 I 


27 


26 

05 

30.8 

VI 



19 

18 

45.5 



28 


28 

23 

37.6 

IV 

71 


22 

18 

.5.5 

!■■■ 


29 

Mar. 

1 

,,■.12: 

37.4 

II 

72 


'23-' 

11 

48. 2 



30 


4 

00 

47.0 

V 

■ 73; ;■ 


25 

23 

$2cb 

IX 


32 


4 

7 

16 

■:l'3": 

Q1.9 

50.3 

III 

III 

74 

75 

June 

3 

7 

IS 

14 

30.2 

IS.S 

; VI 


33 


8 

23 

26.8 

I 

76 


9 

IS 

49.3 



34, 


9 

04 

44.9 

- 

77 


'10 

03 

37*5 

[: III 


3S 


9 

17 

15.8 

IV 

78 


10 

18 

21.9 

. 'TII 


36 


10 

06 

26.7 

- 

79 


10 

18 

22.5 

IV 


37 


11 

10 

35.7 

V 

80 


11 

07 

30.6 

Tn 


38 


12 

17 

04.3 

III 

81 


13 

''m.. 

02.5 



39 


15 

22 

S6ca 

III 

82 


14 

13 

05. 1 

IV 


40 


17 

03 

29.0 

I 

83 


•,l.r 

:m 

32.2 

I 


41 


24' 

16 

32.9 

- 

84 



09 

46.4 

' III 


42 



15 

29.2 

. IV+ 

as 


19 

IS 

42. 1 

I 


43 



06 

10.3 


mm-: 


25 

■'ll:'' 

0:2ea, 

IIT ' 
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No. 

Date and 

Time (G.M.T.)* 

Msiiaua Felt: 
Intens ity 
(M -M) 

247 

d. 'h . a. 

Oct. 

26 03 29.1 

9 

248 

26 23, 14.4 

IV , 

249 

Nov. 4 16 54.0 

IV 

250 

4 22 07ca 

III 

251 

S 00 36c® 

II 

2S2 

8 06 2S.4 

II 

2S3 

11 22 53.8 

- 

254 

13 00 59.5 

- 

25 S 

15 01 47ca 

Ill , 

256 

21 16.09.8 

IV 

257 

■25 'll 49.1 

- 

258 

29,15 '53.8 

“ ■ 

259 

■Dec.' 2 08 26.1 

IV 

260 

',.9' 17,45.3 

IV 

261 

,12 10 55,7: 

II 

262 

^ ' 12 14 39.9 

IV 

263 

12 23 45. 5 

- 

264 

14 22 17.0 

- 

265 

1.6 19 32.0 

- 

266 

17 OS 'OS. 2 

IV 

267 

19 IS 11. S 

XI 

268 

20 06 40.2 

III 

269' 

25 03 11.7 

III 

270' 

25''- 'j 

IV 

271 

28 - - i 

n 

272 

' 2.8 05 ISca 1 

111 

273: 

28 15 32.5 1 

III ■ 


' G. M.T.CGreenwich Mean Time) is 12h OOk sIow on New Zealand Stand-' 
ard Time, Tile epicentres on Mos. 70 and 20S are outside the , boundary 
of the map. 

The . f o J I owing small shocks in the Lake Coleridge regr-ion. are ' 
not , tabulated: - . . ' , 


ISO-., ■ 134 , 

13S, 

13S, 

. 144, 

145, 146, 

147, 

150, 

1S2, 154 

I59p 161, 

162, 

163, 

164, 

165, 166, 

167, 

169, 

1,7 1, ,171. 

173, 176,, 

177, 

178. 

'186, 

187, 189, 

190, 

191. 

and ■ 192. 
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The Odour of CoProsma Foetidissima. 

BY MAURICE D. SUTHERLAND* AUCKLAND BRANCH* DOMINION LABORATORY. 

department of scientific and industrial research. 

[l?eceiVed for pablicaticm^ 3rd April ^ J947] 


Summary- 

Methyl mercaptan has been . isolated from, Coprosma foetid- 
issima, and is probably the principal substance causing the 
foul odour of the plant, 

INTRODUCTION 

The , foul ' odour of the shrii),Cbprosma. foetidissime Forst. , 
has beeii' remarked on, by, Laing' and Blackwell (1-) in their mpnual, 
"Plants of New Zealand", in the following- terms;- "The name (Coprosim) 
is' derived from the Greek, and -refers to the evil odour - that the 
leaves of -certain species give out -^^n.bruised. -%yOne^#K) has forced 
his way through scrub, formed of the well named C. fBetldissim» 
kmwsthat the smell from it becones in time almost ^insufferable. . 

The stench is somevhat suggestive of carbon bisulphide, but ^>ar“' 
ently no atteapt has yet been made to determine its source". Cheese- 
man (2), vdiD notes that 'it has a "horribly disagreeable "odour, states 
that it is found from the Thames goldfield and Kagian southward, 
fran sea level to 4,500 ft. 

To deteimine the nature of the odour, '.the plant was steam dis- 
tilled., and in the distillate was- identified methyl mercaptan and a 
trace of an essential oil. 

, As little as 2 >^10 g. of -ethyl mercaptan can be detected 
by the nose (3), and it is prcsbAle that quantities of methyl mercap- 
tan of the 'same order are -similarly detectable. .Consequently wly 
minute quantities of met%l mercaptan need he present in the leaves, 
of the plant, and in' the - air of the beech -forests to give charact- , 
eristic o^ur. 

Indeed,- since the boiling point of methyl mercaptan is below normal 
air tenperatures, very little mercaptan could be retained by the- 
leaves unless in conbination. 

The odour' of the plant is qwted above as -"some#iat suggest- 
ive of carbcMi bisulphide" but a possibility of confusion arises from-' 
tile: , fact ' that pure carbon bisulphide has a weak, sweet smell . similar ■' 
to that of '-carton tetrachloride, vhereas the crude material often has. 
a strong and foul ocfour probably due to the presence of small quant- 
ities .of .-me-rcaptans.* ■ 

Methyl merc^tan has been obtained from two other genera, 
one of the Cruel ferae and one of the Ruhiaceae family. Gromd roots 
of ^phmm sativus were shown by Nakamura (4) to yield this sib- 
stance on steam distillation. From the leaves of a nuober of sf»cies 
of the genus Lasianihus yhich have been described as smelling strong- 
ly of skatole, Koolhass (5) obtairied methyl mercaptan both by steam 
distillation arid by aeration. It is thus prob»le ^that many of the 
foul^s!i»lling plants of the Rvhiaceae fanuly, and C.' foetiaisshm in 
particular, owe their odour to methyl • n«Tc^tan. 

EXPERIMENTAL 

_ A weight of leaves estimated to be 5 lb. was gathered in 
the be«h forests of Tongariro National Park, placed iawtediately in 
a four gallon can -with .aupie water,, and distilled, until tl« foul 
filing distillate no loiT^er gave a positive test for mtcaptm. 
utei treated with mercuric chloride'', "solution. The distillate was 
sealed in bottles filled to the 'cork, and later exaniined in Auckland 
Colour tests for merc^tans were positive. A sapoie of distillate 
was slowly heated to boiling as a Strega of purified 'hydre^en gas 
was passed throng: it and then throng a strmgly' cxxiled solution " 
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of mercuric cyanide, in methyl .alcobol ' A #iite .precipitate foniBcl 
and was filtered off and dried. Placed in a' melting .poinj; apparatus 
at lYOX.this stfostance fioelted with decoroosition at 173 C. It was 
rec.r 3 ?staiiized f ran ethyl acetate and then melted at 175°C. both 
alone, ai^, mixed with mercury dimethyl imrcaptide m.p. 175°c. 
prepared from synthetic methyl iBsrcaptan (6). Ihiis the presence of 
methyl mercaptan (by iodoi^tric titration 0.(X)5 per cent, of the 
estinated weight of leaves) in the distillate was provai. The mthyl 
aercaptm contained in the distillate was, l»wever, only a portion 
of that evolved by the leaves since much escaped as a gas. 
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A Note on Tectonic and Structural Landforms. 

BY C» A. COTTON 9 VICTORIA UNIVERSITY COLLEGE, WELLINGTON. 

[Received for publication f 15th July, 1947] 

According to English usage now well established, the vord 
^tectonics^ may be written vhen^‘* folded and faulted structure’’ ^is 
meant. i The adjective '‘tectonic,” however, as defined by Ifcimesr is 
not the exact ''equivalent of^ “structurar*, but refers to any struct- 
ural change brought about by deformation or displacerjent of rocks, 
i.e, to the change, not the structure itself , which is a static con- 
cept, ion* Ilie application of ’‘tectonic" to the classification and . 
description of earthquakes is -an example of correct usage. 

By New Zealand geologists ” structural** is coiTinonly enployed 
with reference^ to the origin' of major forms of relief in cases vhete 
’^tectonic " could be written with less- anbiguity. Tectonic forms owe 
tteir origin to earth movenBnts, and in ' the description aixl 
ation. of larKlscape forms it is' irrportant to distinguish between tec- 
tonic and erosional relief, if the former is, present. A tectonic « 
laraiforra, moreover, is not the same thing as a structural landform, 
for, according to long established usage, the latter, description is 
^splied to one that has been developed by erosion under the control 
of structure. 

L 'See, f:or example, L.W* COLLET, ’’The Structure of t,he Lond, 0 'ft 

1927, passim, , ' ■ 

A« HOLMES, "The principles of Structural Geology,** London, 1944, . 
P.3SB, , 
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Studies on Perloline hi. 


BYff.S. METCALF, ?ICTORIA UNIVERSITY COLLEGE, WELLINGTON, 
[deceived for publication , 15th August ^ 1947] 

Summary. 

in an earlier paper (2) of this saries it was' suggested 
that perloline fl) formed a dihydrochloride of formula 
C4cH3#4 O 7 experiments described in this paper 

show that perloline forms only a monohydrochlor ide , whose 
.formula, to be consistent with the analytical data (3^, must 
be-close to QscHia or perhaps (OsoHlsN^JaJ 2 (H31) S 

By analogy it seems, likely that., the formu.iae of ail the de.riv-' ' 
atives of perloline, , including perlolidine . (4) should also be 
halved.. 


Wiite (5) was unable to prepare a ^monohydrocliloride** by 
crystallizing an equimolar mixture of the free base and the 
MihydrocMoride ” . 

Hie absorption spectrum of perloline (6) in aqueous buffers 
throughout the range pH 0-14 can be counpletely accounted for by 
only two optically distinguishable fonns. One, the free base wiiich 
can be re^ily extracted by chloroform, exists in the pH range 9-14, 
while the other, presuorably the singly charged ion, exists in the'iA 
range 0-8. Both forms exist together in -equilibriim near pH 8.5- Aiy. 
further change in ionic charge would almost certainly be accoopanied 
by a marked, change' .i.ii spectrum, because the highly unsaturated 
nature of perloline ard the chemical evidence (2) irake it highly^ 
probable that all the nitrogen atom are in the absorbing part of 
tl» molecule (7). No such spectral change is found, even in strongly 
acid solutions. 

' lire possibility' remains that the ion is dotbly charged, los- 
ing both protons at once to form the free base. This seems without' v 
parallel among organic bases . That it is not the case with perloline 
is shown by the following measurements of the equilibrium' constants 
of the reactions B + ' ^ BH** 

B + BH2+ 

. The ' fraction of alkaloid present as the ' intense ■ yellow -free 
base B in a buffered solution can be determined by matching the 
solution in a dip tvpe colorimeter against a solution of the alka- 
loid in dilute alkali, in #iich it is all in the form of free base, 
both solutions containing the same total weight of alkaloid (5 
micrograiB in 5 ml. ). Allowance is made for the very slight yellow 
colcwr of the ionic form, From this fractim the ratio of the con- 
centrations of free base and ion^ is calculated and substituted in 
the equi 1 ibr ium equal ims 

K' andK- i & 

WV par] 

K and K" were calculated for a nmfcer of values of the activity 
coefficients being taken as unity, 
pH 7.62 8.14 8.29 8,51 8.68 8.80 8.91 9.01 9.09 

I*' 8.65 8.4S 8.46 8.55 8.61 8.S7 8.47 8.58 8.52 

pK* 16.27 16.59 16.76 17.06 17,29 17.37 17.38 17.59 17.61 

S.E.M. of 

six ,04 .03 ,02 ,02 .02 .02 . 04 . 04 .06 

n«tchings ■ 

The values of pE' satisfactorily constant but the iralues 
of I*' steadily increase as the lS|.ri^s. vfe conclude that one 
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hydrogen ion is involved in salt formation - not two as has been 
assimed,* 

llie buffers (8) were uiixtures of ^20 borax arxl M/10 hydro- 
chloric acid. The tarperature w^s 18 t 3°c* 

Urrier these corditions 

■ ■ . pt . , 8.54, ±. .03, , . / 

A further uncertainty .of about 0.1 is' introduced by the 
assiiiption of activity coefficients , of mity, and the difficulty of 
standardizing the pH scale' in the alkaline region. 

The change in absorption - spec triiB on ionisation suggests that 
the basic nitrogen aton is either in .an arorwtic ring system or at- 
tached thereto directly or; by; ..conjugation. The strength of the base 
is imich greater than that ' usual ly found aiong such catipounds. It is 
imch nearer, the basic strength'of . amronia 'and- alipliatic 'aiiines. 

Any proposed, structure mist account' for' this unusual behaviour. . 

The autlior is indebted to Mr, .E.P. ' Ihite for a pure sanple 
of perloline aiKi for discussion. ' 
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SERPENTINITE AT WAIRERE, TOTORO 
SURVEY DISTRICT, KING COUNTRY 

By C. A. Fleming, New Zealand Geological Survey, Department 
of vScientiiic and Industrial Research 
[J^eceived for publication, KUh July, 11)47) 

Stimmary 

A deposit of serpentinite on Rangikohua Road, Totoro S.I)., has been 
mapped and jn'ospectcd and the qiiaiitity of serpentinite available for quar- 
rying assessed. Analyses (by the Dominion Analyst) and petrological des- 
criptions (b\" Dr. C. O. Hutton) are inclnded. The relations between the 
-erpentinite and other rocks (Mesozoic and Tertiary sediments) are discussed 
:is a basis for deductions concerning the age of the igneous rock and its struc- 
ture and history. It is suggested that a late Eocene peridotite intrusion into 
^teeply di})])ing Me.sozoic .sediments has later been thrust by diapiric folding 
into nvcn'lying sediments of Oligocene and Miocene age. 

Introduction 

In Xcu Zealand Geological Sayvey Bulletin No. 21, The Geology of 
the hlokaii Subdivision/' (Henderson and Ongley, 1923) serpentinite was 
reported on the Rangikohua i'load, Totoro S.I). In Bulletin No. II, 
“ The Geology of the Te Kuiti Subdivision '' (1946) petrological des- 
criptions of two serpentinites fnim Rangikohua were presented and the 
serpentinite body mapped in relation to other formations. 

In iMarch, 1944, when the need was pressing for further sources of 
serpentinite for the fertilizer industry, to supplement tlie amounts obtained 
from North Auckland, preliminary magnetic investigation and mapping 
of outcrops by the writer indicated a substantial mass of serpentinite and 
other igneous rock at Waix'ere, In August, 1944, arrangements were 
niatle for the W'firks Department, Taiimaninui, to prepare a contour ])lan 
of the deposit, and to prospect by pitting and trenching. This work was 
(umipleted in the spring of 1944, and in January, 1945, the writer (with 
the assistance of i\Ir. A. C. Beck, New Zealand Geological Survey) in- 
spected and mapped the excavations and traced the serpentinite to its 
limits to the north. 

General Description 

Tile Wairere serpentinite is an irregular linear mass extending some 
27 chains in a direction 10'^ east of north, and 5 chains south, of its out- 
crop (ju Kohua Road, a total distance of 32 chains. Its breadth varies 
appredabiy ; it is widest (2| chains) at Kohua Road, but narrows abrupt- 
ly to tlie south. -North of the road,, the breadth of the body varies owing 
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to the sinuosity of its eastern contact, a relatively low-angie tlirList plane, 
which results in the serpentinite being narrower where ridges of sandstone 
buttress on to it, but wider in country of lower relief between such side- 
spurs. Eventually, 27 chains north of the road, the outcrop thins to a 
narrow point (Figs. 1 and 2). 
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South of Koiiiia Road, the expanded southern end of the deposit 
forms a rounded spur rising steeply from Rangikohiia Stream. North of 
the stream a ridge of sub -vertical Te Kuiti limestone forms the crest, 
and serpentinite forms the east slope of a meridional ridge. The ridge 
is joined by spurs of siltstone and sandstone belonging to the Mokau 
formation, which lap on to the serpentinite, narrowing its surface outcrop 
at a number of points. Twelve chains north of the road, the serpentinite 
has climbed to the top of the ridge and the limestone is down the west 
flank. Twenty chains north of the road a west -flowing tributarx?- of the 
Rangikohiia has at one time carved a valley across the ridge of serpen- 
tinite and limestone, but now flows underground in a tunnel within the 
limestone which it enters at the contact between limestone and serpen- 
tinite. North of the cross valley, the ridge maintains its character for 
about 3| chains, with snbvertical limestone to the west of the serpen- 
tinite and Mokau sandstones to the east, but further to the north the 
Mokau sediments gradually encroach upon the serpentinite body, the 
limestone ceases to outcrop, and a wedge of greywacke forms the west 
slope of the ridge. North of the divide, near Warren’s south boundaiy, 
the serpentinite and greywacke are cut out b}^ the approach of Mokau 
sandstone to the Te Kuiti limestone and further north the limestone is 
faulted against Mokau beds without intervening serpentinite. 

Associated with the serpentinite body are small lenses of gabbro and 
wedges of greywacke sediment of relatively small size, so far as can be 
judged from surface appearances. 

Prospecting 

Magnetic Survey : 

The prelirninary magnetic work was limited to the area within 80 yd. 
on either side of the Kohua Road and has not so far been extended to 
cover the whole area of outcropping serpentinite. Alagnetic anomalies 
connected with the serpentinite and associated rocks consist of a “ high " 
in which there are possibly two ridge -like magnetic peaks “ parallel 
to the elongation of the body ; and, to the east of the body, a'“ low " of 
moderate intensity. Positive anomalies exceeded 100() gammas in 
several places, the maximum positive reading being 1157 gammas* 
and the dotal range of variation 1330 gammas. The total range of mag- 
netic variation compares more closely with the range over the small North 
Auckland serpentinites than with that found Jones (1939) for 
Nelson serpentinites; but, on the other hand, high positive anomalies 
are usually limited to closely defined “ magnetic peaks in North 
Auckland. 

The distribution of positive anomaly in the limited area where 
magnetic observations were made corresponds in general with the geo- 
logical boundaries between serpentinite and Tertiary rocks (Fig. 1, 
Section 7.) so indicating that serpentinite is limited to the axis along 
which it outcrops and is not present at - depth any great distance east 
and west of its surface outcrop f. On the other hand, positive anomalies 
of liigh order persist along the axis south of the outcropping rock, in an 


* ConsisteiU readings on Tertiary rocks on either side of the serpentinite 
were arbitrarily taken as normal magnetic values for the area. 

7 This statement is subject to the reservation that no regional work has been 
undertaken for the assessment of normal” in the district. 
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area mapped as ckwstones of the Mahoeniii Group, and this is interpreted 
as tA'idence of the presence of serpentinite at depth below tlie sediments. 
Tlie western boundary of the area of positive anomaly swings on to 
]nnesti)ne near the crest of the ridge two or three cliains north of tlie 
roafl; where the limestone is in vertical contact with serpentinite, in 
the valley, the magnetic and geological boundaries correspond : but where 
tire limestone dips west at the top of the ridge the magnetic' boimdary 
eiicroaches on the limestone suggesting tliat the serpentinite' surlace 
plunges west beneath this \vest-ciipping limestone. Similarly, positive 
anomalies occur on the alluvium 50 links east of the seipentinite outcrop 
and indicate that the embayed contact with alluvium loi 3 chains north of 
the road is due to erosion of the serpentinite by the Rangikoluia Strcuuii. 

A complete magnetic survey of the whole body and of the area east 
of Ratimals OiiaiTy in the Mokauiti Valley where serpentinite is re- 
ported to occur would furnish important information for the intc'rjirc'tn- 
tioii of striictiiral relations (see Fig. 2). 

Geological Prospecting : 

Trenc hes and pits dug across t he serpentinite body and at i' on tacts 
enabled the surface expression of the structure to be mapped and per- 
mitted examination of shear planes within the serpentinite, ancl of 
contact relationships. 

The west side of the serpientinite is in contact with sU'cply dijij^ing 
or \'ertical limestone. The east boundary is dehned by sandstones 
and siltstones in which bedding planes are seldom clear mljac'c'nt to the 
igneous rock but which dip east, that is away from the sca'pcaitinitce at 
a nearby outcrop, and which aiau rehitively flat in a roa^i (uitting 20 
('bains to the east. Where the contact was examined, tlu' surf;u'(‘ of 
the serpentinite was observed to plunge beneath siltstones to tlu' ('ast at 
5b to 65h tlie strikeof such plunging surfaces being })arallel to I lie 
general strike of the body, as mapped. Further, the ndation l)etw('en 
the sinuosities of the eastern boundary and the topographic irrt'guhirity 
is such that when the heights c>f adjacamt contacts arc ])roj(‘cted aJong 
the strike of the body on to a cross profile, they fall on a line dipping at 
45' to 65'" eastward. For these rea.s(ms the eastern boundary is inter- 
preted as a relatively low angle thrust plane clipping eastward at a, bout 
50 . 

To the south, the serpentinite boundary swings abruptly away from 
the steeply dipping limestime which elsewhere defines the westeim contact 
and the serpentinite plunges at a liigli angle beneath claystones here 
attributed to the IMahoenui formation (Fig. 2). 

Tiic outcrop of the igneous body consists for the mt)st part of dunite 
and harzburgite (bastite) serpentinite, the latter invariably consisting 
of < I void or lensoid aiigen up to several feet in diameter, fattened and 
oriented parallel to^ the dominant shear planes, set in a much sluxired 
matrix of enwrapping dunite serpentinite. Where dunite serpentinite 
is ahone present several shear directions are usually \hsible. The 
dominant shear planes strike in approximately the directi(m of elongation 
of the body, and the dominant plane is in many places parallel to the 
nearest contact with the surrounding sedimentary rocks, diiiping at a. 
high angle. 

Feldspathic rocks were encountered at four separate points. They 
consist of coarse-grained gabbro and invariably occur as residual 
surface boulders with a maximum size of a cubic' yard, iuter])reted as 
“ angen " eroded from the serpentinite body to which tliey liad a, relation 
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similar to that of the bastite serpentinite mentioned above. A petro- 
logical description of one snch rock is appended. The occurrence of 
gabbro residuals in large numbers within small areas points to localized 
lenses or patches in which gabbro dominates in the underlying rock body. 

Mesozoic greywacke and argillite outcrop in two small areas on the 
western border of the serpentinite. They are interpreted as having been 
dragged up with the serpentinite in the diastrophic movements which 
brought the serpentinite into contact with the younger sediments that 
surround it. 

An estimation of quantities of serpentinite has been made from cross 
sections drawn up from the available information, and is based on a 
number of inferences drawn from the geological intrepretation of the 
prospecting data. 

The western contact is believed to be practical!}^ vertical at depth 
even when it is west dipping at greater altitudes, and the eastern contact 
is inferred to dip east at about 50'^. These relations are believed to hold 
at least down to the level of Rangikohua Stream which was the datum 
level above which quantities are assessed. The small areas of greywacke 
and of gabbro mapped on the surface are considered, for the purpose of 
estimating quantities, to be columns of uniform section area down to the 
datum level. 

Quantity of SerpeMinite : 

Quantities of serpentinite have been worked out by allowing that 
1 cu. yd. of serpentinite weighs 1.8 tons. 

All quantities have been assessed down to the 45 ft. levd on the 
Pubiit Works Department plan, the level of Rangikohua Stream where 
it ciosses tlie serpentinite. Lowering of quarry doors localh^ below that 
level may be possible, but would be limited by tlic hooding tendencies 
of the stream. In the higher country to the north, quarrying to tlie 45 ft. 
level would entail excavations over 150 ft. in de])th, and such deep 
quarries might not be feasible. Also, such deep quarrying would entail 
shifting of large quantities of overburden from the eastern hanging 
wall of the deposit. 

Quantities are presented under three headings ; (A) South of Kohua 

Road where prospecting has been most exhaustive, and where the situa- 
tion is favourable for immediate quarrying with little develoj)ment.''' 
(B) From Itangikohua Stream north to the limit of the Public Works 
Department prospecting at cross section 26. This area requires bridge 
access, contains a lens of gabbro, and has, in parts, a variable over- 
burden of limestone rubble. (C) Faun section 26 north to the end of 
the deposit. No contour survey is available for this area, which lies 
over a quarter-of-a-mile from the road, and contains wedges and splinters 
of greywacke and gabbro, so is likely to be the last part quarried. Quan- 
tities for area C are less accurate than tho.se for A and B. 

Area A. South of Kohua Road : 

Quantity down to 45 ft. contour ; 99,000 tons. 

(For every 10 ft. of iovrering of iioor below the 45 ft. level, 25,000 tons). 

* Quarrying began late in 1945, and 14,307 tons of serpentinite had been 
recovered by 3 1st .March, 1947, at rates of up to 450 tons per week, the rate 
oi extraction depending upon the availability of railway trucks. The 
serpentinite is conveyed by motor lorry to the railway at Te Kuiti, a dis- 
tance of some 21 miles. 
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Area B. Rangikohtm Sir earn to Cross Section 26 : 

Quantity down to the 4vO ft. contour : 840,000 tons. 

Area C. Cross Section 26 to Northern Limit : 

Approximate^ (piantity down to 45 ft. contour ; 280,000 tons. 

Total serpentinite Aoove level of l^angikohua Stream ; 1,219,000 tons. 

Overburden : 

Overburden is light over the top of the serpentinite, but full ex- 
ploitation of the deposit would require tlie shifting of increasing amounts 
of sedimentary rock, especially along the eastern hanging wall of tlu^ 
deposit. Therefore, the amount of overburden may ho prescuited under 
two headings, for each area ; the amount covering the serpentinite at the 
surface, which would be unavoidable overburden in working the deposit, 
and the amount which would need removal for full exploitation of tlie 
deposit down to the 45 ft. base. The latter figure is an. appro xiniation 
only. 

Initial overburden. 

Area A : 2,760 cubic yards 

Area B : 12,280 „ ^ 

Area C : Approx. 5,000 cubic yards 

Quality of Serpeniimie : 

The Wairere serpentinite body is composed cbielly of dunite 
serpentinite interspersed with boulders, or augen ", of harder bastiti^ 
serpentinite which represent harzburgitic variations in the original 
peridotite intrusion. Both the above rocks are satisfacTory serpentinite 
for use in seiq)entine-siiper-phospliate fertiliser, A compleb^ a,nalysis by 
the Dominion Analyst (quoted from Henderson and Ongley, 1923, ]). 55) 
is as follows..,:--. 


SiO.3 

36.03 

MA 

4 .66 

FeO 

1,58 

Fe,G3 

5.92 

CaO 

0.20 

MgO 

36.17 

Na,0 

0.06 

ICO : 

0.04 

HoO (combined) 

13.88 

H“0 (at lOO^c.) 

1.55 

100.09 


Hie following six partial analyses for soluble DlgO and RAJg are of 
samples collected south of Kohua Road. 


Soluble MgO 

^ 35.8 7.08 

3 32.6 9.1 

3 27.1 17.8 

^ 33.3 9 3 


Additional overburden for 
full exploitation. 

8,250 cubic yards 
82,200 ,, ^ ,. 

Approx. 33,000 cubic yards 
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Nine samples from between Kohua Road and cross section 26 of the 
Public Works Department survey have been examined petrologically by 
Dr. C. O. Hutton, New Zealand Geological Survey,* and pronounced to 
be satisfactory serpentinite. 

Factors Affecting Quarrying Operations : 

The limestone bounding the serpentinite to the west is capable of 
forming an almost vertical wall when quarried. The Mokau sandstone 
to the east is fairly competent where eroded into bluffs elsewhere in the 
district, and should present no great difficulty. The Mahoenui beds, 
bounding one side of the serpentinite to the south are, however, of in- 
competent greasy claystones and mudstones, similar in litholog}/ to the 
Onerahi claystones which have given such trouble in North Auckland 
serpentinite quarries. They are unlikely to stand exposure in a vertical 
face, and will slip freely. 

The small stream flowing north along the east boundary of the deposit 
south of the road will require to be diverted, piped, or pumped when the 
deposit is opened. Rangikohua Stream tends to flood, but seldom 
covers Kohua Road. 

The small amounts of gabbro and greywacke mapped within the 
boundaries of the deposit are likely to be encountered sooner or later 
in quarrying and their by-passing, or removal, will present particular 
problems. It is of course impossible to predict the subsurface dis- 
tribution of these rocks without detailed drilling information. 

Quantities presented above, it should be noted, are total quantities 
in the deposit, and not an estimation of quarry able quantities. 

Petrology 

Dr. C. O. Hutton has supplied the following descriptions of rocks 
from the Wairere serpentinite body. The first two are quoted from 
N.Z. Geological Survey Bulletin No. 41, 'p. 59. 

“Two specimens of serpentinites from the disused road-metal quarry 
on the south side of Rangikohua Road have been examined. These rocks 
are composed essentially of serpentine minerals, P. 1 having been derived 
from a dunite while P. 2, with plentiful clear bastite, has been originally 
a harzburgite 

“ No. P. 1: Dnniie-serpeniinite. In the hand specimen this is a 
massive olive green rock with a talcose sheared surface. In thin section 
the rock is seen to be composed of a poorly ferriferous, pale green ser- 
pentine with typical mesh -structure. Ihimary and secondary magnetite 
and a few micro-veins of chrysotilc occur. 

“ No. F. 2: Earzhufgite-serpentmite. Macroscopically this specimen 
is a massive, grey serpentinite with easily recognizable plates of bastite. 
In thin section typical mesh -serpentine and abundant plates of clear 
bastite, the latter pseudomorphous after a poorly ferriferous ortho- 
rhombic pyroxene, make up the bulk of the rock. Clusters of rounded 
grains of deep brown chromite, abundant secondary magnetite, in 
sinuous strings of fine grains and narrow^ veiniets of colourless chrysotile 
are present. 

“ From photographs of the ultrabasic intrusion and from an examin- 
ation of tlie hand specimens it is clear that the intrusive mass has 
suffered frt)in shearing movements, but microscopic investigation gives 


* Now Professor of Mineralogy, Stanford University, California 
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no evidence that this shearing has been very intense. Siicli ex-ideiua* 
would be the occurrence of plentiful talc and the platy iniiieral antigorite, 
features which are very characteristic of the highly sheared u}tral)asi<' 
intrusives of the western Otago region. Instead, tin' rocks are iiK'relx' 
dunite-serpentinite and harzburgite-serpentinite, closely C()ni[)aiail)le 
with those of the Kerr Point-North Cape mass^'' (Bartruin and ITinu'r, 
1928) and the few less altered intrusives of western Otago (Hutton, 
1936)/'^ 

Dr. Hutton has provided the following description of a specimen of 
gabbro from a residual boulder collected from the largest area of siicli 
gabbro aiigen mapped. 

Gabbro with Cataclastic Stmcttires : “ The only specimen (Ih 9334) 

belonging to this group has a cataclastic structure so well de\a'loped that 
the mutual relationships between the principal constituents have been 
almost completely destroyed. The plagioclase, with a \'ery ])atchy 
development of twinning on the albite law, is decidedly sodicy ranging 
in composition from An^^-An^.^* Evidence of considerable stress is in- 
stanced by the fractured, granulated, and stretched feldspaj" plates, in 
addition to the development of clinozoisite and pumpellyite as inclusions 
within the oligoclase ; these constituents have developed as a result of 
the break-down of the original more calcic plagioclase, but the percentage 
of epidote minerals in the rock itself is too small to account for all of tiie 
anorthite molecule, so that in view of its well-known inolhlity, much of 
the lime must have migrated to crystallize elsewhere in \a'ins as epidote, 
pumpellyite or prehnite. The occurrence, in this s])e.ci]nen, of n narrow 
vein, averaging 2 mm. in width, and composed of prchnitcy [ium}>ellyite, 
togetlier with minor opal is an example of tins traiisfereiu'e and sc*g- 
regation. 

ClinopyrcKvene is present to the extent of approxinuiU'ly 49-30 [)er 
cent., and the crystals considerably ruptured by stress. In soiru' 
grains lamellar twinning on, the orthopinacoid has been develo|>ed, and a 
somewhat unusual feature is the relatively small optic axial angle ; xadues 
ranging from 33'39° have been determined by universal stage' metliods. 
In \'iew of this the pyroxene would appear to he within tlu' held of 
subcalcic augite as defined b^^ Benson (1944, pp. 114-3) and just outside 
the pigeonite lield. Narrow reaction rims of green to greenish-brown 
hornldendc were noted in association with the clinopyroxene, and the 
alteration of both of these constituents to serpentinous ])roducts, 
sc>metimes bowlingitic, is general. 

"Pools, aiigen, and schlieren of serpentine (possibly associated v'ith 
some chlorite) arc frequent, and whereas in some cases it has clearly 
developed from both clinopyroxene and amphihole, in otiicr instances 
the p<jorh’--developed mesh effect suggests derivation from olix-ine. 
However, no relict olivine was noted. Rare scraps of red-brown biotite, 
now mostly chloritized, leucoxenized iron-ore, and slender fractured 
prismatic crystals of apatite complete the mineral assemblage." 

Geology 

General Stratigraphy : 

The stratigraphical successiem in the part of the Te Kuiti-North 
1 aranaki region adjacent to the Wairere serpen tinite mass is as follows 


Also closely com]Xirable with the serpentinites of the small peridotite bodies 
of the Silverdale district. North Auckland, 
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(from Marwick, N.Z. Geological Survey Pntlletin No. 41, 1946, and 
Grange, N.N. Geological Survey Biilletin No. 31, 1927 ; age determin- 
ations based on Finlay and Marwick, 1947).: — 


Stagi-: ’ 

Age 

Group-'^' 

4'hickness 

" Castii'clifhan 

Late Pliocene 

Ignimbrite 



Unconformity 



Tongaporutnan 

Upper Miocene 

Tongaporutu 

Mohakatino 

100-200 ft. 

? Wkiiauan to 
C'iifdeiiian 

i\Iid Miocene 

Mokau 



Unconformity 



Hutchinsonian 
to Otaian 

(dligocene - 

Mahoenui 

50()-70(} 

W'aitakian- 

Duntroonian 

Te Kuiti 

100-500 V. 


Ihiconformit}- 




i Mesozoic 

Greywackes an cl 
argillites 



* Use of the term Group,’' for a rock unit, is in accordance with international 
usage : Series ” is better applied to groups of stages. 


Disc onformities separate, in one place or another, all the above 
forinationg. 

The Wairere serpentinite lies in a zone of soutli-west faulting 
which separates the southern end of the Te Kniti syncline of 
Tertiary rocks from the broadly anticlinal masses of Mesozoic greywackes 
and argillites with reduced Tertiary cover which culminate in the Herangi 
Range to the west. Tlie Te Kuiti syndinc (Marwick, 1946, p. 14) “ is 
rather irregular and faulted in its south-western part,'’ but is apparently 
represented by the shallow graben mapped by Grange (1927) between 
the Aria and Kaeaea faults in Aria Survey District. 

The Aria fault has been mapped as breaking into a numlxn* of fractures 
in the south-west corner of the Totoro Survey District, immediately east 
of Wairere Falls, and the Wairere serpentinite is associated with tlie 
easternmost of these. In general, the Tertiary beds of the Te Kiiiti 
s^mcline are relatively fiat-bedded or gently dipping and undisturbed. 
In the comparatively narrow zone between the tectonic “ low ’'of the 
'Fe Kuiti st-iicline and the tectonic “ high ” of the Herangi Range, 
howcwr, somewhat steeper dips are map])cd in a belt of faulting between 
these two major structures. The Wairere serpentinite mass lies in the 
plane of the easternmost of the several fractures east of Wairere fails, and 
its relations with the associated rocks may here be examined in detail 
(Fig. 2). 

Relation Betieeen Serpentinite and Sediments : 

Tlie splinters of i\Iesozoic greywacke mapped along the west side of 
the serpentinite have not been seen in contact with the igneous rock. 

The Te Kuiti limestone, which bounds the mass to the west is well- 
bedded, sometimes massively cemented, but usually jointed and flaggy. 
In three places where actual contacts with serpentinite are exposed the 
limestone becomes sandier and finally conglomeratic towards the contact. 
Two section.^ exposing the contact relations, were examined, one near 
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cross sectiun iO (21 chains north of the road) and the other at the entrance 
of tlie underground stream 21 chains north of the roach In both cases- 
tire tjcdding and contacts are vertical and the stratigraphicai order in 
tli(' limestone is from older beds on the east to younger beds on the west. 

Contact near Cross Section 10. Contact at Underground Stream. 

(tryst aliine limestone with rare Crystalline massive limestone, 
pebbles becoming sandier and 

more pebbly. 2 ft. rubbly brecciated limestone. 

4ft. pebbly limestone becoming 2 ft. 6 in. crushed conglomeratic 
coarser and sheared against : limestone with serpentinite pug, 

4 ft. puggy grey serpentinite. hlling irregular joints. 

brecciated. passing into : 4 ft. brecciated serpentinite with 

fragments of crystalline limestone 

Diinite-serpentinite with augen and rare water-worn pebbles, 

of harzburgite-serpentinite passing into : 


I) unite serpentinite. 



(Geological map of part of Totoro S.D., to show relation of serpen- 
tinite to other rock groups., Geology by H. T. Ferrar and others 
{2^.2, Geological Sufvey Bulletin 41) with slight modifications. 
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North of the underground stream, fragments of gritty brecciated 
grevwacke were noted adhering to the basal conglomeratic limestone. 

In the first section detailed above, pebbles of greywacke, quartzite 
and argillite dominate in the conglomerate band, but there are also 
siibangiilar but apparently water-worn serpentinite pebbles completely 
surrounded by crystalline limestone. In the second section, although 
pebbles of sedimentary rocks are abundant, quite a number of pebbles of 
serpentinite and gabbro showing some degree of rounding were identified. 

The suggestion implicit in the above statements that the serpentinite 
antedates and is present as water-worn pebbles in the basal conglomerate 
of the Te Kuiti limestone is supported by Ongley's discovery, in 
1919, of serpentinite pebbles in the basal conglomerate of the Te Kuiti 
limestone in the Mangaotaki Valle}^ where that fomiation rests directly 
on the greywacke basement (personal communication). The inter- 
pretation of the sections at Wairere is, therefore, of a faulted and de- 
formed depositional contact of the limestone upon the elongated splinter 
of serpentinite and greywacke which, together, are an up -faulted portion 
of the pre-Oligocene basement. 

South of Kohua l^oad the limestone strikes away from the narrowing 
serpentinite ; there the dip is 30 '^’ steepening to 70'^ and the bedding 
shows a tight little over-turned anticline indicating pressure from the 
south-west. Still further south heav}^ scrub and a dearth of outcrops 
on the ridge between the Rangikohua and Mokauiti valleys obscures the 
relationship. In the Mokauiti Valley (Fig. 2) vertical limestone at 
Ratimacs Quarry is faulted against Mahoenui beds on the downthrow side 
to tlie east and the Mahoenui beds in turn are faulted against Mokau 
sandstone by the southern end of the fault bounding the serpentinite of 
the Kangikoiiua Valley. The two short narrow zones of vertical lime- 
stone, one in the Rangikohua and the other in the Mokauiti Valley, liave 
an echelon arrangement. There is a circumstantial report believed to be 
reliable that serpentinite is exposed in the Mokauiti at times of extreme 
low water at a point about 32 chains north east of Ratima’s Quarry. A 
search at the spot in January, 1945, was unsuccessful, but the stream was 
flooded. If the report is substantiated the structural relations near 
Ratima's Quarry in the Mokauiti are comparable with those in the 
I'^angikohua and have an important bearing on the interpretation of the 
geology. 

North of tlic serpentinite mass the Te Kuiti limestone trends to the 
north-north-east witli rapidly decreasing westward dip and is apparently 
faulted against the Mokau sandstones to the east without the intervention 
of serpentinite at the surface. P'or a mile the Mokau River follows the 
line of fault, and the dip of the limestone is 8"^; still further north the 
fault dies out and the limestone plunges gently beneath beds of the 
Malioenui group. 

If the serpentinite is older than the Dimtroonian Te Kuiti limestone, 
it is almost certainly older than Whaingaroan since sediments of the 
latter age underlie tlie former beds to the north without evidence of 
substantial unconformity. As shown by Bartrum (1944), the North 
Auckland serpentinites appear to have, intruded sediments as late as 
Bortonian (Middle Eocene). Following the hypothesis of Hess (1939) 
that if any one part of a peridotite belt can be dated the whole belt can 
be dated, the age of the Wairere serpentinite is taken as Upper Eocene, 
post - Bortonian and pre -Whaingaroan e 
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The age of the Te Kuiti limestone at Wairere is fixed as Duntroonian- 
Waitakiaii by a specimen of Athlopecten athleta (Zitt.) collected from 
tin* limestone immediately adjacent to the serpentinite. The same age is 
indica,tc*d i>\' foraminiferal evidence presented in Bulletin No. 41, p. 44. 

'Fliere are no clear sections to show the relations of tlie serpentinite 
with the Mokau group to the east. The evidence for considering this 
contact to dip at a relatively low angle to the east has been presented 
above and if a pre-Oligocene age for the serpentinite be accepted it 
follows that the contact with the Miocene Mokau beds to the east must 
he along a strong fault with a much greater throw than any fault which 
can be demonstrated on the west side of the serpentinite. In one 
pit sunk to explore the contact, grey puggy clay was separated from 
the hard serpentinite by a six inch reddish brecciated serpentinite [uig. 
In another, the serpentinite surface fell in steps controlled by sliear 
planes and finally plunged steeply beneath red -brown gritty ser})entinous 
pug rapidly giving way to friable blue -grey mudstone. Other excax’a- 
tions immediately east of the serpentinite exposed rusty friable mediinn 
sandstone and siltstone with rare concretions. 

Ill the road cutting half a mile east of the serpentinite, rusty finely 
bedded sandstones with flattish dip are exposed. In the centre of the 
graben to the south in Aria Survey District, the beds are mapped as 
-essentially fiat but dipping at moderate angles away from tlie Aria 
fault, and in the accompanying sections the becls are sketched as di])ping 
away from the serpentinite before they flatten (Fig. 3). 

The late Dr. H. T. Ferrar’s field sheet for Totoro S.F. Survey District 
sliows an outcrop of IMokau coal up the slope south-east of tlie serpentinite 
which suggests tliat the rocks near the serpentinite belong to the Lower 
Mokau hods of Grange (1927, p. 17), below the coal liorizon. Grange 
states that there are 350 ft. of Lower Mokau sandstones l)elow the coal 
seams and associated beds and that 800 ft. of argillaceous sandstone 
overlying 265 ft. of coaLmeasures comprise the l'p])er Mokau beds, 
dlarwick (1946, p. 53) states that the thinning of the Lower Mokau beds 
towards the east, noted by Grange, holds also towards the nortli for 
in Te Kuiti Subdivision the coaLmeasures wlien present, appear to be 
low in the series."' In the section, therefore, the base of the Mokau 
groii!) is drawn not far below the surface. Judging by the average 
thickness of the I'ertiary formations in the area (Marwick, 1946) the 
thrust fault east of the serpentinite has a throw of 760-1 ,000 ft. Howcuur, 
as disconformities are reported between the several formations and the 
thicknesses are stated to vary considerably, this estimate must be n*- 
garded as an approximation only. 

There remains some doubt as to the stages represented l)v tlie 
deposition of the widespread arenaceous beds which have been mapjiecl as 
“ IMokau ". In their type development near the coast, the Mokau beds 
are apparently coeval with the Waitemata and Ihungia beds of other areas 
and of Altonian age (Finlay and Marwick, 1947., p. 229). Elsewhere 
" inland Mokau beds (which include those in the Wairere area), have 
faunas of low Taranakian (Finlay, in Marwick, 1945, p. 57) and Tarana- 
kian age ((xage, 1942, p. 128 b). Apparently tliere is widespread overlap 
of beds in an inland direction, and the Mokau transgression occupied 
much of the IMiocene period. It is certain that a marked stratigraphic 
break exists between the Mahoenui and Mokau beds and this break is 
represented by angula.r unconformity in the upper Wanganui (Superior 
Oil Company : The Geology of the Palmerston -Wanganui Basin, 1943), 
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Samples submitted to Dr. H. J. Finlay for foraminiferal determinations 
contained only non -diagnostic species, but the presence of volcanic glass 
ill the residue perhaps points to an FTpper Miocene (Mohakatino) age. 

Tlie Mahoenui group has been mapped on a purely lithological basis 
to the south of the serpentinite where leucocreitic claystones and mud- 
stones were exposed in the prospecting pits to a depth of 14 ft. Such 
fine-grained sediments are characteristic of the Mahoenui beds of the 
district and are unusal in other formations. Samples collected for 
foraminifera were unfortunately non -diagnostic. Where the contact 
with serpentinite was seen, a variable thickness of gritty brecciated 
and leached serpentinous material intervened between hard serpentinite 
and red-stained plastic clay, which was lighter and non -plastic away from 
the contact. The strike of shear planes and plunging suidaces in the 
serpentinite tends to swing from the usual north-east direction to a more 
nortlierly trend following the contact of the body with the supposedly 
l\lahoenui rocks at depth. The wedge of Mahoenui rocks is interpreted; 
with some diffidence, as down -faulted again.st both the Te Kuiti lime- 
stone to tlie west and the serpentinite to the north-east, that is, the fault 
which juxtaposes Mokaii and Te Kuiti beds on either side of the ser- 
pentinite to the north is believed to have broken south of the serpen- 
tinite into two stepped fractures of similar sense but lesser throw. 

Sinuiiirt^ : 

The section presented as Fig. 3 is based upon the surface reiatioiisliips 
revealed by the prospecting and utilizes known stratigrapluc relations 
in the area from information in Geological Survey Bitllefius 31 and 41. 
'Fhe subsurface form of the serpentinite is liypothetical. 

Two alternative hy])otheses ma^’ be advanced to explain the complex 
structural relationships. One hypothesis involves faulting of an earlier 
asymmetrical fold, the other invokes the meclianism of dia},-)ir folding. 

Both hypotheses allow that a serpentinite intrusion in i\Iesozoic 
sediments had been exposed to erosion prior to the ()lig(;cenc marine 
transgression and that its present relations to the Tertiary beds it 
penetrates, are the result of post-intru.sive differential movement. 

'Fhe first hypothesis involves the derivation of the structure by later 
faulting of an asymmetrical anticline the axis of which lay on the line 
of a serpentinite intru.sion in the Mesozoic basement. I'o satisfy the 
structural requirements of the sections the differential movement 
in a later faulting stage must have been in the oj)posite sense from 
that in the earlier folding movement. Reversal of movement 
along faults is, of course, well established in many areas, and it is quite* 
conceivable tliat the Te Kuiti area may have suFered an earlier, post- 
Waitakian, phase of folding prior to the last (po.st-Taranakian, prev 
Kukumaruan fide Marwick, 1946, p. 11) major deformation to which 
most of the faulting in the area is attributed. The several .stratigraphic 
])reaks in the Miocene sequence and, particularly, the unconformity 
of the Mokau beds on the Mahoenui make such a hypothesis rea.sonablc. 

On the other hand no such complexity of fault and fold movements 
has been noted in the Te Kuiti and adjacent Tongaporutu-Ohura Sub- 
division, and the hypothesis requires an east dipping fault pdane, whereas 
(irange (1927, p. 9) described all other fractures of the same system 
further south, as dip>p)ing steeply west, . 
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The Western Tertiary basin from Auckland to North Taranaki Iras, on 
the whole, suffered only gentle folding and faulting of moderate intensity, 
there is a notable absence, over an appreciable area, of tlie strongly com- 
pressional tectonic forms such as characterize for example the “ mobile 
belt/' regions of East Wellington and Hawke's Bay. For this reason the 
association of serpentinite masses with the steepest dipping I'c'rtiary beds 
in the entire Te Kuiti area appears to the writer strongly suggestive of the 
operation of special tectonic processes directly related to the })resence of 
the serpentinite. It is surely too much, of a coincidence for the axes of 
intense and strictly local deformation to be immediately over the position 



of equally local serpentinite bodies in the basement unless there is some 
causal relation between the two phenomena. As an alternative to the 
hypothesis outlined above, therefore, an explanation is offered which 
relates the deformation of the Tertiary cover directly to the upward 
movement of a mobile serpentinite mass in a manner comparable to the 
diapir folding advocated as the mechanism of salt dome and associated 
structures in the Caucasus, Germany and North America. Diapiric 
•structure (Mrazec, 1910) is the name given to anticlinal folds in wliich 
the core penetrates oveii^dng beds ; such structure is“- ... . dependent 
on movements principally in the upward direction " (Bolidanowicz, 1932). 
The mecliaiiism of diapirism is perhaps, the most popular way of explain- 
ing salt dome intrusions in which rupture of cover-beds has been demon- 
strated (Barton, 1925, Voitesti, 1925, Bolidanowicz, 1932, Plimmer, 
1923). The core material of a diapir is usually a substance capable of 
semiplastic movement when deformed, such as salt or gypsum. Diapiric 
upthrusts of the salt dome type seem to be related as much to the dif- 
ferences in competence of the core and country rock as to acuter.ess of 
orogenic deformation ; in Roumania such structures may be moti\xited 
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by orogenic thrust, but “ the general region in wliiGli the American salt 
•domes occur has been one of great geologic tranquility ” and '' from the 
salt domes . . . . , . it is far to any region which shows the traces of 
compressive folding’’ (Barton, op. cit. p. 1265). 

It may be suggested that serpen tinite is a substance capable of 
behaviour similar to that of salt and gypsum in the cores of diapir folds. 
The close-set slickensided shear planes characteristic of all North Island 
serpentinites bear witness to appreciable movement within the serpen- 
tinite bodies, and no case has yet been described where the contacts of 
serpentinite with the strata which surround them are anything but 
faulted and sheared zones showing signs of appreciable movement. The 
occurrence of lenticular aiigen of relatively unsheared harzburgite or 
gabbro elongated parallel to the dominant direction of shearing also 
points to appreciable differential movement within such serpentinite 
masses, since such magmatic differentiates almost certainly once formed 
continuous dyke -like sheets or pipes within a dominantly dunite intru- 
sion. The process of serpen tinization of dunite is usually interpreted as 
involving a decided increase in volume, though the theory of Hess (1933) 
•accounts for the process wdthout volume increase. Assuming the intru- 
sion to have been more or less in a state of equilibrium with the surroun- 
ding rocks when serpen tinization began, any increase in volume during 
serpentinization would tend to take the direction of least pressure, 
that is, in general, upwards. Even if no important volume changes are 
involved in post-magmatic changes (and Hess’s theory of serpentinization 
is attractive in that it avoids such changes) it is not diihcult to imagine 
that relatively small orogenic compressive forces acting on a compara- 
tively incompetent and potentially mobile serpentinite intrusion miglit 
induce the dyke material to 3 deld and move upwards tii rough a compara- 
tively thin and unresistant Tertiar^^ cover. 

The fact that the Wairere serpentinite shows little sign of intense 
.shearing, in the absence of minerals such as antigorite and talc, may not 
be prejudicial to the conclusion that appreciable movement lias occurred, 
for such stress minerals are unlikely to have formed in tlie relatively 
superficial zone in which any movement of the serpentinite has taken 
place. The maximum thickness of Tertiary^ cover overlying the 
serpentinite during the period when the postulated movements took place 
is between 1,300 and 3,500 ft.--~probabl 3 / nearer the former than the 
latter figure. 

The second h3q3othesis invokes a diapiric arching and riqiture of the 
Tertiar}' cover through the upward thrusting of a serpentinite core extru- 
ded out of the Mesozoic baserrtent in which the serpentinite original!}’ liad 
the form of a sill in steeply west-dipping bedding planes. Tlie luqiothesis 
assumes that a late 'fertiaiy fracture at the position of the serpentinite 
clownfaulted beds to the east ; that the fault plane was steepl}^ west dip- 
ping in response to a certain degree of overthrast from the west ; and that 
the diapiric upward movement of the serpentinite was merely a particular 
response of that substance to deformative stresses no more acute than 
■elsewhere in the district. The hypothesis explains the occurrence of up- 
turned beds on the upthrow side of the fault and also the east -dip of tlie 
■eastern faulted contact in an area of west-dipping faults. The ciuarr 3 dng 
operations at Wairere may be expected to provide more evidence for 
the solution of the problem, and. in the meantime the lypothetical 
nature of such an explanation is appreciated, and no further space 
need be devoted to the several possible variations of a diapiric mechanism. 
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Since the above was written an important paper by N. L. TaliaferrO' 
(1943) on the Franciscan -Knoxville problem has been perused. Talia- 
ferro has described cold intrusions of serpentinite of Jurassic age whicli 
have penetrated overlying Cretaceous to Miocene sediments and form 
the cores of faulted anticlines in much the same way as is postulated in 
the case of the Wairere serpentinite. 

The serpentinite is elongated in the direction of the strike of the 
steep west -dipping limb of the Mesozoic syncline of the Herangi range 
(Marwick, 1945, p. 26) a syncline which had begun to behave as an 
anticline by at least Oligocene times*. The serpentinite was apparently 
injected in the Eocene near the “ hinge line '' between a Mesozoic syncline 
becoming anticlinal and a possibly Mesozoic anticline, not yet fully 
demonstrated, later becoming synclinal (Te Kuiti syncline). Later 
{Post -Miocene) stresses causecl faulting at the ‘'hinge line’’ and the 
serpentinite of the earlier orogenic phase became involved in the move- 
ments of the later phase. HessT (1939) conclusion that ])eridotite 
injection is related to the first deformation of a mountain system in tlie 
“ island arc .stage might be applied to the early Tertiary foreshadowing 
of the post -Miocene orogenic pattern in the Te Kuiti area. 
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TERTIARY ROCKS AT MARBLE POINT, WAIAU 
RIVER, NORTH CANTERBURY 

By Brian Mason, Canterbury University College, Christchurch 

{Received for piiblication, 4th August, 1947) 

The so-called Hanmer marble is widely known and extensively used 
throughout New Zealand on account of its handsome red colour. The 
locality at which it is worked, Marble Point, on the Waiau River, is also 
familiar to many, as it is alongside the main highway from Canterbury 
to Nelson and Westland via the Lewis Pass (Fig. 1). In spite of this, 


Fig. 1. — Aerial view looking down the Waiau Gorge. The area of 
Tertiar}’- rocEs is outlined in white. I'he Waiau Kiver flows from 
right to left across the photo. The road junction in the middle of 
tire iflioto is tliat of the Hanmer road (left) and the Lewis Pass 
road (right) . [V. C. Ikowne, photo. 


only incidental reference to the locality is to be found in geological 
literature. In view of the fact that the limestone is only one member of 
an extensive and well-exposed Tertiary sequence, and a visit to the 
locality is an easy and pleasant day’s excursion from Christchurch, 
the occurrence was considered worthy of this brief description. 

Marble Point is some fifteen miles from Culverden by road (the 
homestead belonging to the station of the same name is two miles nearer 
Culverden than Marble Point itself). From Marble Point the limestone 
strikes directly across the Waiau River, and the river splits around an 
island of limestone, known as Garden Islet (Fig. 2). The Tertiary rocks 
are exposed along the river for a total length of somewhat more than a 
mile. Away from the riverbed only the limestone outcrops are seen, the 
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other beds in the sequence being covered by a heavy deposit of terrace 
grawh. The information in this paper is based on a detailed examina- 
tion of the section on the right bank of the Waiau (looking downstream). 
1'1k‘ 'Fertiary rocks extend across the river to the left bank and beyond 
for some distance. To reach the left bank at this point necessitates 
either swimming the river or travelling across country for some miles 
from tlie traffic bridge at Waiau Ferry. From the right bank the 
sequence on the opposite bank was seen to be similar, but not so well 
exposed. 



Fig. 2. — Looking upriver from Atarble Point, (ranlen Isiel is in tlie 
left foreground with the lime.stone, here nearly vertical, striking 
across the river. A small outcrop of hard glauconite sandstone 
shows in the rivei'bed just beyond. The undulating bench in the 
middle distance is cut in soft Lower Tertiary sandstone, and the 
hills in the background are of greywacke. I V. C. Erowiic, photo. 

The Tertiary rocks at i\Iarble Point are completely surrounded by 
and deeply involved in pre-Tertiary grcywackes and argillites. .No 
detailed examination of the structural features of this inlicr was made, 
but the section along the river indicates a normal sequence when going 
from the northern (upstream) end, terminated downstream by a high- 
angle reverse fault which brings greywacke into contact vdth Middle 
Tertiary (Waitakian) beds. Evidently the pre-Tertiary rr)cks have been 
thrust from the south over the Tertiary beds. The total area of the 
Tertiary inlier is quite small — of the order of a few hundred acres in all. 

The lowest Tertiary beds are exposed about 50 chains upriver from 
Garden Islet. The sequence commences with a basal conglomerate 
about 60 ft. thick. This conglomerate rests on a coarse somewhat 
friable sandstone which is evidently a much leached and weathered 
greywacke, probably an ancient land surface. The conglomerate consists 
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of well-rounded pebbles- up to 4 in. in diameter ; they consist mainly of 
greywacke, but some are of porphyritic igneous rocksv similar to the sills 
known in the Mandamiis-Pahau area (Mason (in the press)). The 
pebbles are very decomposed, and can be crushed between thedingers. 
The conglomerate is calcareous in places, and contains coal fragments 
at the top. Samples of finer material from the conglomerate were 
submitted to Dr. Finlay, who reports a fair fauna from the highest 
sample, indicating Mangaorapan age. 

The conglomerate is exposed for about 20 yd. on the river bank, 
and is succeeded by a soft grey calcareous glauconitic mudstone which 
becomes gradually sandier when followed downstream. It is continiioiis- 
l_y exposed for about 500 yd., beyond which the sequence is obscured 
by river gravels for 4()()-50() yd., practically down to Garden Islet. There 
is an isolated outcrop of hard glauconitic sandstone in the river itself 
about 20() yd. above Garden Islet (Fig. 2), and the section which begins 
again just above (darden Islet is continuous dowmstream to the fault 
•contact with the greywacke. At Garden Islet the lowest outcrop is of 
soft green -grey calcareous very glauconitic sandstone, similar to the 
material further upstream. This is overlain by about 50 ft. of greenisli 
bedded tuff, followed by 50 ft. of pillow lava ; the pillow la\'a is not well 
exposed on the right bank, but is clearly seen immediately across the 
river. The pillow lava is succeeded by about 100 ft. of red bedded tuff, 
•coarse at the base but becoming finer in the upper part ; at the base of 
this red tuff a specimen of the brachiopod Liothyrella hoehmi Thomson 
was collected, this being the only macrofossil found apart from indeter- 
minable fragments of mollusc and brachiopod shells in the limestone. 
The red tufi is succeeded by lime.stone. the so-called Hanmer marl)le, 
W'hich is worked in the quany alongside th.e road. 4'lns limestone is 
about 80 ft. thick and owes its characteristic red colour to the admixture 
•of fine-grained tuti; the finest red stone comes from thi^ lower part of the 
limestone, and hence the colour falls off in the upper part, which is pale 
pink or cream-coloured. 

The dip, which is 60^-75^ further upstream, becomes vertical at 
Garden Islet, and below this island the sequence is complicated, e\I- 
•dently on account of close folding of the beds against the fault wliich 
terminates them. The limestone which forms Garden Islet is succeeded 
by a moderately soft grey calcareous sandstone ; the sequence is tlien 
limestone, tuffs, limestone, sandstone, and tuffs. The highest bed in 
the sequence is the sandstone, and repetition of the beds is brought about 
by close folding. That the limestone is strongly folded is clearly shown 
by the form of the outcrops along the main road and near the quarry ; 
here it appears to form a sharp syncline pitching steeph' towards the 
river. 

The succession of beds, and their age relationships as indicated by 
the foraminifera faunas, is shown in the stratigraphic al column (Fig. 3). 
The sequence is exactly parallel with that in the Pahau-Mandamus area 
about eight miles to the southwest (Mason (in the press)). The basal 
•conglomerate is Mangaorapan, and is succeeded by a glauconitic mud- 
stone which is also Mangaorapan. This mudstone grades up into a grey 
.sandstone of considerable thickness, probably about 400 ft. A sample 
from low in the sandstone gave a very small fauna, which Dr. Finlay 
■considers to be probably Heretaungani, Unfortunately, sam.ples 
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higher in the sandstone were barren of foraminifera, but by analogy 
with similar beds in the Pahau area higher horizons up to Whaingaro'aii 
may well be present. The sandstones are overlain by tuffs, pillow lava, 
and basaltic agglomerate, followed by the limestone. Samples from 
the tuffs and the limestone did not yield foraminifera but the corres- 
ponding beds in the Pahau area are of Duntroonian age. The grey 
calcareous sandstones which overlie the limestone gave poorly preserved 
faunas indicating probable Waitakian age. 

The section at Marble Point adds a further link to the chain of 
evidence that has been accumulating for a widespread overlap at tlie 
base of the Tertiary in North Canterbury. Examination of numerous 
sections throughout North Canterbury, and Dr. Finlay’s age deter- 
minations on the basis of the foraminifera faunas, indicates that Upper 
Cretaceous rocks are absent over a wide area, approximately north of a 
line through Waikari and Scargill and west of a line through Scargill and 
Waiau. In all the sections examined within this region the sequence 
begins with Mangaorapan beds, generally a glauconitic mudstone with or 
without an underlying basal conglomerate. Another uniform feature of 
this region is the absence of the typical Amuri limestone, otherwise so 
prominent and widespread in the North Canterbury landscape. In this 
region the horizon of the Amuri limestone is represented by sandstones, 
often comparatively coai'se. (By a curious geographic anomaly there 
is apjuircntly no Amuri limestone within Amuri County.) Over a 
large part of tliis area, too, coarse submarine vole allies and semi-cry- 
stalline limestone (the Cookson series and Isolated Hill Limestone of 
Fyfe (1931)) replace the Weka Pass Stone. x\ll these features—the 
post -Cretaceous transgression, the shallow -water nature of the Eocene 
and Oligocene beds, and the submarine volcanism — are presumably 
related to the situation of this area along the north-western margin of 
what was ]n'obably a slowly subsiding shelf undergoing marine deposition. 

Acknowledgments 

I would like to express my appreciation to my brother Mr. A. P. 
Mason, for his company and assistance in the field, and to Dr. H. J. 
Finlay, of the New Zealand Geological Survey, for the examination of 
several samples for foraminifera. 

References 

Fyfe, H. iL (1931) : Amuri Subdivision, N . Z , GeoL Surv ,, 2fjth Ann . Rcpi ., 
p. 5-6. 

Mason, B.; Tram . Roy . Soc „ N . Z ., (In the press) . 



121 The N.Z. Journal oi^ Science and Technology (Nov. 

tertiary strata at coal creek, 

RANGITATA RIVER 

By Brian Mason, Canterbury University College 

[Received for piiblicai^^^^ Augiist, 1R47) 

Introduction 

Tertiary rocks have long been known to occur at Coal Creek in the* 
upper basin of the Rangitata River, but no detailed description of tlie 
stratigraphy has been published, although brief mention has been made 
in a number of papers, the latest in that by Professor vSpeiglit on the 
Rangitata Glacier (1941). A rapid examination of this occurrence was 
made in January, 1947, and in view of the good sequence there exposed 
and its geograpliical position between the well-known Mt. Somers dis- 
trict to the north and the Kakahu district further south, it was deemed 
worthy of a more detailed description. 

The Tertiary rocks occur as a narrow strip about four miles long and 
up to a mile wide extending south-east from the lower jiart of Coal ('reek 
where it joins the Rangitata River on the south bank to tlie \'alley of 
Boundary Creek and beyond for some distance. The rocks themselves 
are exposed only in the banks of C'oal Creek and Boundary ('reek and 
along the road in the vicinity of Whiterock station ; (‘Isewlicre th(.;y ar<‘ 
obscured by vegetation and a cover of moraine and gra.vol, 'Flus stiip 
of Tertiary rocks forms a weli-markecl topographic de|)ression at an 
altitude of about 2,(K)0 ft., bounded by a continuation of the Mt. Pe,t‘l 
block to the south-west and by admin of lower hills to the north-east. 
The road to i\lesopotamia station follows this topogra[)hic depression and 
provides easy access to , this patch of Tertiary rocks, Coal ('reek l)eing 
about 27 miles from Geraldiue. 

Structure 

This strip of Tertiary rocks has been preserved by being down- 
faiilted along the powerful fault which bounds the Mt. Peel block on 
the north-east. The line of this fault is seen in Coal Creek and Ih)un{la,iy 
Creek, where the Tertiary rocks end, against much shattered greywacke. 
The fault is probably a high-angle reverse one. It is slightly' obliciue 
to the strike of the Tertiary rocks. The Tertiary rocks form an ac- 
cordant sequence and dip at moderate angles into'the fault angle from 
the block to the north-east, which shows a little-dissected stripped 
surface where the Tertiary rocks have been removed by erosion. 

Stratigraphy 

The succession of beds in this area is illustrated by the stratigraphic 
columns for the sections exposed in Coal Creek and in Boundary Creek, 
(Fig. 1) and the composite section for the sequence as a whole (Fig. 2). 
Neither in Coal Creek nor in Boundary Creek is the complete sequence 
exposed, but the incomplete sections can be combined to give an ade- 
quate picture of the whole succession. 
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The lowermost beds are coal measures, which are exposed in Coal 
Creek, but Avhicli are so badly slumped that it is not possible to make 
out the detailed sequence. The lowest bed exposed is a congiomerate 
with well-rounded pebbles up to 2 in. in diameter set in a greyish white 
sandy matrix. The pebbles in this conglomerate are mainly of rotted 
.greywacke, but include a hard black horny rock, rare quartz pebbles, 
and very rare chalcedony pebbles, with occasional coaly fragments. 
Above the conglomerate the succession includes pink and grey silty clay, 
grey and white quartz sands, and a seam of coal up to 6 ft. tliick. The 
quartz sands are occasionally cemented into a hard quartzite which 
•contains poody preserved plant remains. I understand that some coal 
has been mined here by local station owners for their own use. It is a 
lignite, similar to that at Mt. Somers. 

'Fhe sequence in Coal Creek is interrupted above the coal measures, 
the next formation to be seen there being the Whaingaroan marl. In 
Boundary Creek the coal measures are probably present, but are not 
■exposed, and the first outcrops are of rusty sands with bands of line 
quartz conglomerate, some of the bands of quartz congiomerate con- 
taining moliuscan fossils. The following genera and species have been 
identified by Mr. C. A. Fleming of the New Zealand Geological Surve}^ : — 

Ciicullaca sp. 

Cf ai^i^idellites Q-i, australis 
0 sire a cf. sinnaia Lk. 

aft*. (Marwick). 

Hcdecaniiiim cf. wmtakiensh .Suter. 

Dimnia s}). ” 

Siy^ajyaidla 

Of this (‘ollection Mr. Fleming writes : ‘'A poorly preserved fauna. 

Crassatellites cuistralLs is typically Bortonian. The sub -genus Cyclocar dta 
•seems to begin about Whaingaroan, and the Hedecardium is not the 
Bort(mian hrumieri but larger, like the Duntroonian assemblage. Bor- 
tonian to Duntroonian, ])ossibly about Whaingaroan.*' 

As the beds from which these fossils were collected are considerably 
lower in the sequence than the overlying Whaingaroan marl, it is 
■considered that the fauna is likely to be older than Whaingaroan, and the 
beds from which it came are tentatively classed as Bortonian, on the 
fossil evidcnc(^ and the lithologic similarity with beds of definite Bor- 
tonian age in tlie Mt, Somers and Kakahu districts. 

The rusty sands pass up into grey quartz sands which are imfossi- 
liferous and may represent a higher horizon. 

At this point there is a gap in. the sequence in Boundary Creek due 
t(.) lack of exposures. In Coal Creek a hard light grey marl occurs at 
this horizon. Its base was not seen, but about 70 ft. is exposed before 
the formation is terminated by a strongly bored surface, the borings 
being up to 2 ft. deep and filled with the overlying glauconitic sandstone. 
This contact is entirely similar to the bored surface at the top of the 
Amuri limestone in North Canterbury, and occurs at the same strati- 
graphical horizon. Samples submitted to Dr. H. J. Finlay gave fora- 
minifera faunas showing that the marl is Whaingaroan and the overlying 
glauconitic sandstone Duntroonian or Waitakian. Samples from the 
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bored zone itself yielded battered foraminifera probably (k'rived from the- 
imderlying marl. A sample from the lo\¥e.st outcrop of glauconitk' 
sandstone exposed in Boundary Creek gave a similar fauna, wlun'oas a 
higher sample from the same locality gave a poor fauna. eitlHO' of Dun- 
trooniaii or Waitakian age but without derived Wliaingaroan forms. 

The next formation, exposed both in Coal Creek and Boundary Creek, 
is a moderately soft grey glauconitic sandstone. At the base where it 
is exposed in Coal Creek it contains numerous ])erfectly ])r(eser\x‘d 
specimens of Lentipecten hochstetteri (Zittel). In Boundary ('reek the 
base is not exposed, but the foraminifera fauna from tlu^ lowest outcrop' 
there suggest that it is very close to the underlying formation ; the to[) 
is also not seen at this locality, as the formation ends with a fault t'ontact 
against the greywacke. The full thickness of the formation, some 30 ft., 
is however exposed in Coal Creek, and the top has a sharp l)ut regular 
contact with the overlying formation, a hard dark grey tuffaceous mud- 
stone. Samples from the glauconitic sandstone gave ])oor fora.m ini fora, 
faunas for which Dr. Finlay suggests Waitakian or Duntroonian age. 
On stratigraphiG grounds a Duntroonian age is preferi'cd. 

The hard dark grey tuffaceous mudstone is well bedded and strongly 
jointed, and breaks up readily into small angular fragments. No macro- 
fossils were seen, and samples were barren of foraminifera. It ('videiitly 
represents a brief period during which fine-grained \’(>lcanic asli was 
washed into the area, probably from the Mt. Somers distri('t to the nortlu 
east where volcanic activity was marked at that tinue ()nl>^ 15 ft. of 
the tiiffaceoiis mudstone is exposed in ('oal (h’eek, and tlu' tota.'l thickness 
cannot be very great, probably not more tlian 50 ft. 

The next formation is a moderately hard cream coloured gla,urouitic 
sandy limestone. Neither the top nor the base of this foVmation is 
exjE)sed, but a thiclmess of about 80 ft. was measured, and the total 
thickness is unlikely to be very much greater. No macrofo.ssils wen* s(hml 
but samples submitted to f3r. Finlay gave poor foraminifera faunas 
which he reports as probably Waitakian. 

This limestone is the highest bed seen in the 'Ikadiary succession 
here. It is possible that higher beds may be present under' tlu* cover of 
gravel and moraine between the limestone and the fault cutting off the 
Tertiary rocks against tlie greywacke, but no exposures were found. 

Comparison with Adjacent Areas 

The nearest described sequences with which tliis succession may b(^ 
compared are in the North Hinds River to the nortli-east (sSpeigbt f938) 
and at Kakahu to the south (Maling, unpublished thesis, and Wellman, 
private communication). Stratigraphic columns for these three 
sequences are given in Fig. 2. 

^ Fig. 2 shows that the succession is closely similar in the three locali- 
ties. An interesting feature is the change from volcanic ash below the 
limestone m the North Hinds River to a tuft'aceous mudstone at Coal 
Creek, and then the complete absence of volcanic material in the Kakaiiu 
succession. Fvidently the Mt. Somers district was the centre of volcanic 
activity in puntrooman- Waitakian times; some of the ash was carried as 
iai ;as the toal Creek area and incorporated in the mudstone being de- 
posited there, but this igneous material did not extend as far as the 
Kakahu district. 
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Appendix 

A sample of the coal from an outcrop in Coal Creek (Grid Reference : 
695/295, Sheet S91, Alt. Peel) was sent to the Coal Survey Laboratory/ 
Weiiington, and analysed with the following results : 

l.aboratory No. CS 1569 

Pn)ximate Analysis (on air dried coal) 

Moisture 18.3 

Volatile Matter 37.5 

iMxed Carbon 41.4 

Ash 2.8 . ■ 

('alorific Value 9,510 B.Th.U./lb. 

SLil|)hur 1 .7 per cent. 

intimate Analysis (calculated to dry, ash-free coal) 

('arbon 70.2 

Hydrogen 5.0 

Nitrogen 0.4 

Sulphur 2.1 

Oxygen 22.3 
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MEASUREMENT OF EXPLOSION SHOCK ON A 
CONCRETE PIER 

B}' L. Bastings. Dominion Physical Laboratory, Department of 
Scientihc and Industrial Research 


[Received for pithlicaiion , 2nd July, 1947) 

Summary 

Measurements carried out with very simple apparatus on the effect of an 
underwater explosion on a nearby concrete pier ai'e shown to i)e capable of 
yielding significant information regarding the magnitude of the shock suffered 
by the pier. The bearing of this experiment upon engineering aspc-cts of 
earthquakes is discussed. 

On July 13th, 1944, the Naval authorities exploded a number of groups 
of undei'M^ater mines in the entrance to Wellington Harbour/'' One 
.group of these mines, reported to contain a total charge of about 8, GOO lb. 
of high explosive, was situated about 275 yd. from, and almost due south 
of the Harbour Board's rear leading navigation light. Owing to the 
1 


4 



^ Some aspects of this explosion have been discussed by \\\ M. joncs (1). 
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EASUREMENT OF EXPLOSION SHOCK 
ON A Concrete Pier 


possible risk to the superstructure, the Boarchs engineers temporarily 
removed the steel tower supporting the light, thus leaving in place only 
the concrete pier, to the top of which the tower is normally attached.. 
This pier has a diameter of 13 ft., and a total height of 26 ft., about 2 ft. 
of which is embedded in the harbour bottom. The pier is of reinforced 
concrete, solid in the low portion and hollow in the upper part, above 
high water level. In the chamber formed in this hollow are housed the 
bottles of gas for supply to the light above. 

Some idea of the design of the pier may be gained from Fig. 1, for 
which I am indebted to the Chief Engineer to the Board. The centre 
of gravity of tlie pier is obviously below the level of the floor of the 
chamber, and probably near the level marked “low water ’’ in the 


Fig. 2.-™- -View of one of the mine explosions, July I3th, 1944 


Whth a view to estimating the magnitude of the shock suffered by the 
pier from the explosion, a horizontal pendulum wuis set up witiiin the 
[)ier. As the project was arranged only a few days ahead of the time 
set down for the explosion, it was not possible to design and construct 
any elab{)rate accelerometer or timing device specially for the purpose. 
AcTordingly tiie following very simple arrangements were employed. 
A gramoplionc motor with turntable was modified so that the latter 
rotated at about 38 R.P.M. On this table was mounted a circular sheet 
of plate glass, the surface of which was coated with carbon black by 
means of a smoky flame. 

Two horizontal pendulums, of the Jaggar type (2) were mounted on 
the floor of the pier chamber. Their planes of vibration were in the 
N-S a.nd the E-W directions respectively, thus being parallel and per- 
])endicular to the line joining the pier to the site of the nearest mines. 
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In this way it was hoped to obtain a record of the two horizontal coin- 
ponents of the shock. These two pendulums carried liplit lua'dle points, 
which in their normal positions inscribed two concenti'ic circular ti’acks 
on the rotating glass surface. No attempt wars made to investigate tlie 
vertical component, as it was considered unlikely to be signi (leant, and 
the apparatus needed to record it was not readily ax'ailabk'. 


Circumstances conspired to favour the experiment. The explosion 
of chief interest was the second of the series. A photograpli of the vwnt 
taken by Mr. W. R. B, Martin from a point about two miles south of the 
site, is reproduced in Fig. 2. The ftrst explosion of the series was suf- 
ficiently far away not to affect the pendulums appreciably, but by means 
of a sensitive relay attached to a long vertical pendulum, tlie energy of 
this first explosion was made to release the trigger of the turntable. 
The disc was thus rotating at a constant and definite speed when the 
second shock arrived. 


Fig. 3.-.Contact print of record obtained on July 13tb. 1944. 


_ The trace of the two movements as recorded on the disc is rei)r()duced 
in I'lg. 3. The inner track represents the N-S component, and tlie 
outer one that of the K-W component. The movement recorded by 
the latter component was comparatively in.significant, and attemtion 
wll be confined to the N-S component.' The trace made bv tli- \-S 
instrument appeared at first sight to be hopelessly confused, but with a 
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little perseverence in locating its intersections wit li the undisturbed 
circle, and measuring their angular distance apart, it was found possible 
to reconstruct the whole trace up to the tenth complete vibration. 

A tracing of tliis is reproduced in Fig. 4, This chart resolves itself 
immediately into two parts : 

(a) The initial movement, somewhat irregular in outline, consists of 
about four-fifths of a complete vibration. 

(b) l'he subsequent movement takes on a much more regular and 
sinusorded form, with a considerably longer period. 



'Die ])erio(l of the turntable was about 1.6b sec., and tlie free period 
•()f the N-S component pendulum 1.11 sec. Measurements on the record 
indicate the period of the initial phase of the movement to have been 
alEuit 0.28 sec. After the event, tlie equipment was removed to the 
laboratory and the horizontal pendulum set upon a simple shaking-ta])le. 
Tliis tabic was provided with an eccentric wheel of variable eccentricity, 
■ca])able of imparting to the table approximately simple harmonic motion 
of pre-determined amplitude. The period of rotation of the wheel was 
maintained at about 0.28 sec., to conform to the period of the initial 
phase on the record. A number of records were thus obtained in suc- 
■ cession on smoked discs, with applied amplitudes varying from. 0.15 in. 
to 0.25 in. I'he amplitudes obtained on the records together with details 
mf the original record, are set otit in Table 1. 
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Table I. 


i.al). itecorcl 

Xu. 

Amplitude of S.H.M. 
(in.) 

Amplitude on record (cm.) 

1st. 

1 2iui. 

1 . 

0.15 

1 .0 

1 .8 

2. 

0.20 ! 

1.5 

2.1 

a 

0.25 ■ 1 

1.8 i 

2.9 

Field record 


1.4 ; 

3 A 


From these data, the conclusion was drawn that the initial distur- 
bance due to the explosion, regarded as a simple harmonic motion, of 
period 0.28 sec., had an amplitude of between ,2 and .25 in., probably 
nearer the latter. 


Now it is well known that the maximum acceleration in 

/27r\2 

S.H.M. “ N maximum amplitude. On applying this formula 

to the above data, we conclude that the maximum acceleration experien- 
ced by the concrete pier at the level of the floor of the chamlxu' lay 
between 25 per cent, and 31 per cent, of the acceleration due to gravity. 

Further, the initial movement on tire record w^as siicli as to indicate 
that the pier at this level moved; with reference to the heavy mass in the 
pendulum, towards the site of the explosion, 'fhe only reasona,]-)le 
explanation of this is that the movement of the pica* (’onsisttxl of a swing 
about its centre of gravity, the base moving initia.lly northwards, and 
the top southwards. If this were so. the u})per deck of tlu' i)i(U', to whicdi 
the light tower is normally attached, must havc^ exj)C'ri(Miced an ac* 
ceieration appreciably in excess of the value arri\’ed at above, and 
probably an acceleiution in e.xcess of | ■ 

This conclusion is admittedly not of great accuracy, hnt it served 
to justify the removal of the tower. There can remain no doubt tliat 
it would have suffered considerable damage liad it remained in |)lace 
during the explosion. 


General Application 

The experiment also serves a more general purpose. At the present 
time, the designers of engineering and building structures to withstand 
earthquake shocks usually base their calculations on tlu' assumption of 
a maximum horizontal acceleration of one-tenth of gravit^x 1'her<.‘ is no. 
adequate factual basis for this assumption, except the general one that 
many structures the design of which has been based on this assumption 
have survived moderate earthquake shocks. Mucli work done a])road 
suggests that such a simple mode of treatment is unsound and iTiade(|uate. 
In order to provide a more satisfactory basis for such calculations, it is 
desirable to obtain detailed and accurate information on the accelerations, 
periods and displacements occuring in actual severe earthquakes. This, 
would lequiie the location of a considerable nimiher of strong motion 
seismographs throughout the area subject to severe eartliqiiakc^s. At 
the present time, tlie only instruments available abroad which arc 
considered suitable for this purpose are very expensive, both in first 
cast and also in maintenance charges. They are planned so as to give 
the desired data to a comparatively high degree of accuracy. Tliey may 
be m a position to do this only once or twice a centuryx It is tiierefore 
contended that much less . expensive,, and collaterally less sensitic'c- 
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instrunuTits might be more suitable for the purpose. The results of the 
prc'sent (‘XfXiriment suggest that even such simple instruments as those 
(.‘luployed iiere may be of inestimable value in fixing, with a reasonable 
degree of accuracy, the important points on which a more rational basis 
for (*artb(juake design could be erected. 
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A NEW LABORATORY MAGNETIC SEPARATOR 
FOR MINERAL SANDS 

V. C. Officer, Radio Development Laboratory, Dej.)artment 
of Scientific and Industrial Researcli 

{ Received for piihlicaiion, 5th June, 1947) 

Summary 

A new inagnetic separator for laboratory rise is described. .\ stri'ain ot 
sand falling through a magnetic field between triangular pole pieces is sj>lit u}) 
into several streams of particles having different mass snsceptil)iliti(\s, the 
dispersion taking place at right angles to the lines of force. 1 f thesi* streams 
are allowed to fall on an adhesive surface, a spectrum results. syslmn ot 
slits can then be arranged to collect the desired fractions. 'riu‘ instniniciii 
can be calibrated so that mass susceptibilities are read off from the spectra. 

The smallest particles dealt with are those which just fail to pass a No. 200 
B.S.S. sieve (aperture 0.0076 cm.), but improvements to enable much smaller 
particles to be separated are suggested. 

Principle anio Theory 

Sand falls in a thin stream from the hopper R in Fig. 1a, and passes 
between the triangular pole pieces of the electromagnet. The magnetic 
field is perpendicular to the plane of the paper and is approximately 
uniform over the triangular cross-section ABC. Outside this area the 
field falls rapidly, but not suddenly, to zero. A paramagnetic particle 
entering the field e.xperieiices a force urging it towards the .stronger 
part ofthe field. Hence the path of tire particle is dellected towards 
MN. the normal to AB, and similarly on leaving the I'uTl it is dellected 



Fig. 1 

pv'ay from the normal ST. Particles having different mass siiscei>- 
tebnities are deflected through different angles. The .similarity of the 
|,yion to that of a glass prism in dispersing a beam of white light can 
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be noticed. If the particles after having fallen a further distance strike 
an adhesive surface, they form a spectrum in which the various minerals 
in the mixture appear as lines (see Fig. 3). 

The magnetic moment of a paramagnetic particle of volume V. 
mass m, and volume susceptibility k, when placed in a magnetic field 
FI, is given by : — 

M K HV 

= j Hm, where p = density of particle. 

“ X Hm, where X — niass susceptibility of particle, 

A quantity similar to a refractive index can be derived for the passage 
of a particle into the field. 

In Fig. 1 b, suppose the initial kinetic energy of the particle is ; — 
Eo = ^ where Vo is its velocity on entering the field. 

Then the kinetic energy of the particle after entering the field is 
E = Iaq + M Ff = JmcA where MH is the magnetic potential 
energ}?- lost on entering the field. 

. 0 

But if the com]R)nent of the velocity of the particle parallel to the 
boundary of the licdd is unaltered 
Vo sin i —r. V sin r 

and tlie equivalent refractive index :— 


which is a function of ma.ss susceptibility, field strength, and particle 
velocit^s but is independent of particle size, provided air resistance can 
be neglected. 

If it is assumed that the particle is not acted on by deflecting forces 
rafter it enters the prism, and also that it is not accelerated appreciably 
by gravity while it passes through the prism, it should be po.ssible to 
obtain /x from the usual optical formula for a glass prism set at minimum 
deviation : 

sin.l(A-Fl)), where A = refracting angle of prism and 
^ sin J A H deviation of ray 

and deduce y Hie particle. 

'riu‘ |)henomenon of minimum deviation does occur with the magnetic 
separator, but the effect of air resistance and the necessary approxi- 
mations make quantitative comparison difiicult. 


Construction 

Idle electromagnet operated from a 300-volt power supply and drew 
up to 300 m.a. dire 1 g in. diameter iron cores of the coils were scre\ved 
into the yoke, gdving a ready adjustment of the air gap between the pole 
pieces, ddiis air gap was usually about in. wide, but was varied from 
I in. to I in. Mild steel pole pieces of various shapes could be attached 
to the core faces, ddiese pole pieces were of three types, (a), (b), and 
(c), shown in Fig. 2b. 

d'ype {a) is a right-angled triangle, the right angle being used as the 
refraxding angle. As is usually done, with pole pieces, the edges are 
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bevelled off/ but in this case it is advisable to make the cross-section 
curved to avoid sharp edges which would concentrate the held near tlieni 
and collect particles with high susceptibilities. Type (a) is suitable for 
a narrow stream of particles issuing from a circular jet. The lower edge 
of type (b) is an arc of a circle of radius 5 in. This produces some focusing 
action by giving the particles that pass nearer to the apex of the prism 
a larger deflection on leaving the field than those passing farther away. 
Circular arcs form both the upper and lower edges of type (c), again 
producing a cylindrical lens effect. One of the focusing t^^pes is usually 
used. 


The hopper can be made of brass, or iron if ferromagnetic materials 
are to be dealt with. The iron hopper shields the contents from stray 
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fields, allowing the particles to run freely, but since the adjustment of the 
apparatus for separating ferromagnetic from non-ferromagnetic materials 
is so far removed from that for separating paramagnetic materials, it is 
more convenient to remove ferromagnetics from the material by hand. 

The jet consists of a fine hole in a piece of thin copper or brak sheet 
attached to a brass ring and mounted as shown in Fig. 2a. The jet is 
removable, and different sizes ranging from .jh in. to p|-'^in. diameter may 
be used according to the grain size. A jet in'^the form of a slit | in. long 
liaving a widtli of ..h in. or greater could be used with focusing pole pieces. 
It was convenient to have this jet adjustable in width. The jet must 
be large enougli to allow several pax'ticles to fall at once in order to form 
.a steady stream. This steady stream must be protected from draughts 
throughout its fall by a brass draught shield. 

I'he collector, which can be seen in Fig, 2a, consists of a bo.K with eight 
sharp-edged vertical partitions connected by a bellows-like structure. 
Tlie partitions can be slid along the box and clamped in suitable positions 
to collect the various fractions. Flexible tubes lead the fractions away 
to collecting-bottles. There is also a tray attached to the side of the box. 
Pointers attached to the partitions move over this tray, in which the 
spectrum of the material being separated can be placed, thus speeding 
the setting-up. 

Operation 

First t]i(‘ ferromagnetic minerals such as magnetite are removed 
from tlic material under test by using a small hand magnet. The 
material should he sieved, producing such fractions as (-— 120 d- 200), 
(- 60 [ 120), ami ( ~-30 -fi 60), the numbers referring to B.S.S. sieves, 
'File material runs IxTtcr when the range of particle sizes is restricted 
and a, jet of sui table size can be used for each sieve fraction. A spectrum 
of the matc'rial is made in the following manner. A strip of paper is 
■coat(xl with thick clear duco and placed in position on top of the par- 
titions in the collector box. With a circular jet in use the stream of 
particles is set running, but is intercepted by a screen held between the 
jet and the prismatic field. The screen is withdrawn for a fraction of 
•a second, and the particles which traversed the field will be found ad- 
hering to the paper, those with the same mass susceptibility arranged 
in lines across the paper. When this spectrum is placed in the tray on 
the side of the collecting box the partitions can be set so as to collect the 
desired fractions, and a larger quantity of the material run through. 

If only a rough se])arati()n is required, it can. be done more rapidly 
by using a slit jet and focusing pole pieces. The slit is arranged with 
its long side perpendicular to the field lines — fie,, perpendicular to tlie 
analogous slit in an optical spectrometer. . If the slit were placed parallel 
to the field, the edges of the .stream would be too close to the pole pieces 
and the material would simply collect on them. As the more suscep- 
tible the material the Ifigher the point at Avhich it comes to a focus, the 
collecting-box should be placed in a sloping position, but for a rough 
separation a horizontal ])osition will do if the field strength, is suitably 
adjusted. Any particular fraction may then be purified by using a 
suitable circular jet. 

It is necessary to adjust the air gap and the field strength so that 
the most magnetic material in the mixture does not collect on the pole 
})ieccs. If higlier resolving power at the low end of the spectrum is 
required, that portion of the material must be treated agciin, using a. 
larger field and a smaller air gap. , 
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Results 


The spectra in Fig. 3 illustrate several points. A scale oi mass, 
susceptibility can be inscribed along the spectruni if sevcn'al niinerals 
with known mass susceptibilities are passed through the apparatus and 
interpolation is carried out. This was done with several minerals wliose 
mass susceptibilities had been determined using a Gouy iKdance. Sjx'c'- 
triiiii made with a { — 120+200) sieve fraction/contains the smalk'st 
particles that can be separated readily in air. Sjx'ctrum {h) is tlu,^ 
{_60 + 120) sieve fraction of the same sample, a gold -miner's con- 
centrate from Bruce BaAL The main lines, ilmenite at 90 ?/: lO"^* e.m.u., 
and garnet at 55 x 10"® e.m.u., occur in both spectra. S]HX'trum (c) 
is a concentrate from a Stewart Island tin claim, showing a \x‘ry faint 
line of ilmenite at 90 x 10"®, garnet at 65 x 10"®, wolfram at 47 x 10~®, 
monazite at 24 x 10"® e.m.u., and cassiterite, gahnite, and zircon near 
the undeflected position. There are two monazite lines, one at 24 x 
e.m.u., and the other at 43 x 10~® e.m.u. with the grains containing 
inclusions of a more magnetic material just distinguishable from tlic 
next line at 47 x 10“® e.m.u. Spectra (h+ (h), and (c) were made with the 
triangular pole pieces. Spectrum {d) was made witli focusing pole 
pieces and the same sample as in (c). The lines are considerably nar- 
rower and the resolution of the lines at 43 x 10"® and 47 x 10 ® e.m.u. 
is improved, but there is a considerable sprinkling of particles between 
the lines. This was caused by an unsteady stream of ],)articl('s from a 
hopper that was almost empty. 

All these spectra were made with a field strength of 6, BOO oersteds, 
an air gap of in., and a circular jet. It will be noticed that tlie lines 
lengthen as the spectrum is traversed from the undeflected spot to the 
high susceptibility end, and in some cases they arc slightly curved. 
This is caused by the particles which do not fall exactly midway between 
the pole pieces being attracted to one pole or the other along tlie lines 
of force, as well as undergoing their wanted deflection per])eiidicular 
to the lines of force. This attraction along the lines of force is often 
made the basis of magnetic separation, but the deflection usually depends 
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on the distance between the path of the particle and the pole piece. This 
would make the production of narrow lines with a finite beam width 
difficult. On the other hand, the deflection perpendicular to the lines 
of force does not depend markedly on the exact point at which the beam 
passes through the field. 


IPrism field H==7450 Oersteds. 

Tield at jet Ho= 5 ! 6 Oersteds 
Height of jet above prism P = 5'9 cm. 
&tfht of prism above paper q-\S '9 cm. 
Refracting angle of prism =90° 


10 20 30 40 50 60 ° Orazuiff angle 6 



t 2 3 5 6 7 3x10^ Oersteds 

(H~Ho) 



xo 20 30 cm. cy) 



Fig 
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Some quantitative tests were made to determine the way in wliich 
the deflection depends on the several variables. 

Variaiimi of Angle of Incidence: Minimum Deviation: — Tlie 
compienient of the angle of incidence, the grazing angle 0, was varied 
from 10'' to 55"" and a series of spectra made with a sample containing 
garnet and ilmenite. Fig. 4 a shows that minimum deviation occurred 
for garnet at 36"' and for ilmenite at 39°. 

Variaiion of Field Strength : — Fig. 4a shows the way in which the 
deflection varies with increasing held strength. Tests with the (lOiiy 
balance showed that the mass susceptibility of ilmenite decreased ap- 
preciably with increasing held strength, whereas the value for garnet 
did not change. The dispersion would therefore have been greater at 
high fields if ilmenite had been truly paramagnetic. 

Variation of Distance fallen by Particle after leaving the Prism 
{Fig. 4c) .'—These curves could be obtained from projectile theory if the 
air resistance to the particles was known. A convenient distaiice of 
fall at which adequate dispersion is obtained is found to be about 17 cm. 

Variation of Distance fallen by Particle before entering the Prism 
(Fig. 4i}) : — ^^riie distance most used was 5 cm. to 6 cm. 

Suggested Improvements 

Since the smallest particle size dealt with is that which just fails 
pass a No. 200 B.S.S. sieve (aperture 0.0076 cm.), the usefulness of tlu* 
instrument in geological work would be greatly increased if line i)<)wcU'rs 
could be separated. This should be possible if the particles wcn^ alh)weMi 
to fall ill an evacuated chamber placed between tlie }'>ok‘ ])ieces. Only 
a rough vacuum would be required, and an ordinary water N’acuum 
pump would probably be sufficient. As fine particles tend to stick to- 
gether, a means of forming a thin, steady stream would be required. 
A jet in the form of a slit, adjustable in width and about .f, in. in k'ngtli, 
arranged with its length parallel to the field, should gii^e very fine lines 
and good resolving power. Some form of mechanical tapping or agi- 
tating mechanism would be necessary to make the powder run tlirough 
a very narrow slit. If the slit were only two or three particles wide, 
collisions between particles of different mass susceptibilities would not 
be frequent. 

In the separation of large particles in air, collisions could l)e reduced 
by a preliminary imnsverse dispersion. This could be done by allowing 
the particles to fall through a field between rectangular ])ole ])i(‘ct\s 
placed above the triangular ones, the horizontal components of l)oth 
fields being parallel. This field would behave like a piece of plane glass 
in the case of light. If the falling particles entered the held obliciuely 
they would be dispersed slightly in the direction of the field, but would 
still be falling vertically on leaving it, and different kinds of jjarticles 
would be moving in different vertical planes. The. deflection in the 
prism below, which takes place perpendicular to the field lines, could 
then be almost free from collisions. This would be valuable when a 
wide stream is being focused. 
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SOME OBSERVATIONS ON SOLAR NOISE. 

By the Chief Engineer’s Branch, General Post Office, Wellington 


i}th May, 194:7) 


Summary 

This paper gives an account of some observations taken on solar noise 
during February, 1946, The observations were taken in the high-frequency 
spectrum, and correlate with the sun’s azimuth. Frequencies are generally 
above the M.U.F. 

Introduction 

Early in February, 1946, during a period of high sunspot activity, 
■operators at the Post Office radio station at Awarua took the initiative 
to determine azimuthal bearings on radio noise which was proving 
troublesome at the time. This paper, therefore, is made possible by the 
collective efforts of the Superintendent and operating staff at i\warua 
Radio in observing phenomena and the efforts of staff of the Chief 
Engineer’s Radio Section in preparing the data for publication. 

General 

The radio noise exhibited a surging characteristic of a random nature, 
\Tirying in duration from immeasui'able periods to surges of duration 
of approximately one minute, and reaching high .signal intensities. It 
was observed on a wide range of frequencies {6.7 Mc/s to 25.6 Me /s), 
and was noticed to vary in intensity with frequency. It was possible 
to select a frequency for maximum value of noise, but data on these 
maximum values was not assembled. 



(Date for graph D above shoxild read 10th Feb., not 9th as shown) 
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Using a standard type DFG 24/2 Marconi Adcock direction-finder, 
bearings' of good classification were obtained for periods during the 6tli, 
7th, 8tli, and lOth February. The results correlate closely with the 
sun's azimuth as calculated by the Carter Observatory, Wellington 
(See Fig. 1), and leave, no doubt as to the solar origin of the disturbing 
laidiations. The deviations indicated of up to i IW from true bearings 
may be ascribed as being due to a combination of deviation in a some- 
what disturbed ionosphere, together with normal bearing error. 

A comparison was made between the frequencies and times of day 
at which noise was received and predicted conditions in the ionosphere. 
Assuming the layers of the ionosphere to be sjmimetrical in nature, 
one could, in general, expect radiation from the sun to reach the earth, 
when possessing frequencies greater than the predicted maximum usable 
frequency (M.U.F.) for paths incident on the ionosphere at the specific 
angle. 

Similarl}', it would be expected that frequencies hwver than the 
optimum wauking frequency (O.W.F.) would not be received. Cal- 
culations of such minimum expected frequencies were made on the 
assumption that the radiations were incident on the ionosphere at an 
angle equal to the sun's zenith angle and at a point distant h' tan 6 miles 
from the receiver (h' = virtual height of ionosphere and 6 = zenith 
angle). The errors introduced by this use of the flat earth theory are 
small except towards sunrise and sunset. 



l : .i I T 1, 1 1 T 1ULFLJZI.TT...] 1 1 7 ILocai t 
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Fig. 2 

It may be seen from Fig. 2 that all observations were made at times 
and frequencies on which reception could be expected on the lu-isis of 
predicted conditions for the month. A few frequencies below the maxi- 
mum usable frequency are not surprising as the observations were made 
during a period of high sunspot activity, wlien critical frequencies are 
often considerably reduced by magnetic storms. 

Conclusion 

Observations on solar noise have previously been carried out else- 
where, but most work has been in the U.H.F. spectrum. These results 
are particularly^ interesting for their references to such low frequencies 
and the conclusive nature of their correlation with the sun’s azimuth. 

Ihe Radio Research Committee has indicated appreciation of the 
w'ork performed at Awarua Radio and has requested the Post Oflicc to 
take further observations should such noise reach similar magnitude 
at any future date. 
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NEW ZEALAND MICROSEISMS ASSOCIATED WITH 
THE STORM OF 14th - 16th FEBRUARY, 1947 

By W. M. Jones, Dominion Observatory, Department of Scientific 
and Industrial Research. Wellington 

[Re cekfed for ptiUication, 1st September, 19 i7) 

Summary 

Mk'rosoisnis associated with the storm of 14th-16th Februaiy, 1947, have 
been studied from the seismograph records at several New Zealand stations. 
Measurements were made of average trace-amplitudes, and of the periods of 
dominant wave-trains. Maximum amplitudes at Auckland, Wellington, and 
Cliristchurcli were reached when the storm-centre was at sea, some 440 km. 
to the east ol Wellington. The dominant periods ranged froni 4 to 7 sec., 
except at New Plymouth (2 to 4 sec.), and tended to be greatest at the times 
of maximum amplitudes. Some associations of the microseismic activity 
with tlie strength and gust-frequency of southerly wind at Wellington are 
discussed. 

Introduction 

Associ.vnuNS of certain types of microseisins with weather conditions, 
and the possibilities of using microseisms as an aid to forecasting, have 
b(‘en recognized for some time. Visser(l ) mentioned their use during the 
first World war to give indications of the approach of remote depressions 
in the .Atliintic. The recent development of the “ tripartite '' station by 
Rainirt‘Z(2), Krug(3), and Trommsdorf(4) has added greatly to the possi- 
biliti(‘.s. In tliis, the direction from which the microseismic waves arrive 
is detm'mined from the differences in times of arri\M of individual 
wa\'es at three pickups arranged a few' miles apart at the apices of a 
triangka The method was applied in the last war by the United States 
Na\A' in a, research into the feasibility of tracking and forecasting the 
positions of hurricanes passing near Cuba and Florida. The results, 
acenn'ding to (hln]ore(5), “ justify the belief that any type of meteoro- 
logical disturbance can be detected within a range of 300 miles of a micro- 
seismic seismograph station, and that this distance increases up to 2,000 
miles or more for major hurricanes or deep extra-tropical lows, especiall}" 
wlien over water. The author believes also that with sufficient study 
and training an observer can distinguish, between tlie formation and exis- 
tence of a hurricane, a cold front, or an extra-tropical storm." 

The mechanism by which microseisms are produced by atnujspheric 
disturbances is not yet fully known. Among possible causes that have 
l)cen considered are the effects of surf pounding on steep coasts, of strong- 
winds striking mountain ranges, and the communication through water to- 
ground of fluctuations of atmospheric pressure. It would seem that more 
than one mode of excitation may operate, and that a particular mode may 
dominate the microscisms commonly arriving at particular stations. 

In Axav Zealand, many of our cyclones and other disturbances ap- 
proach the country from the Tasman Sea, and cyclones also move down 
from tropical latitudes across the waters of the South Pacific. Direct 
obseiA'ations of their tracks, whether from islands, siiips, or aircraft, are 
often meagre, and the advantages to the forecaster, if reliable informa- 
tion could be obtained in good time by microseismic data, would be 
considerable. Less complete data might be useful in conjunction with 
other mctliods of long-distance detection, such as radar, microbarugraphic 
t)sciliati(,)ns, or the development, of sea-waves or swell. 



143 


The N,Z. Journal of Science and Technology (Nov. 

No equipment especialty designed for microseismic studies has heiMi 
emploAYYi here. Although one or more of the tripartite stations would he 
the most likely method of getting definite data, the ordinary seismograph 
records can supply much material for general studies of local relations 
between microseismic activity and weather conditions, and for the con- 
sideration of possible modes of origin of microseismic waves. Little 
study of this material has been made so far. Baird and Banwell(6) found 
at Christchurch some association of the periods of microbarographic 
oscillations with those of microseisms on Galitzin records, and applied 
the methods of Lee (7) for obtaining general directions of arrival from 
phase -differences in the vertical and horizontal components. These 
methods depend on the waves being predominantly of the Rayleigh type, 
and the authors express some doubt on this point. The present paper 
will describe some features of the microseisms recorded on New Zealand 
seismographs during the passage of a more than usually violent storm. 
The variety of instruments concerned, with various periods and orien- 
tations, results in certain limitations, for example in comparison of the 
amplitudes at the different stations. For general studies of this type, 
difficulties that arise are (a) that the pressure-distribution over the region 
surrounding New Zealand is often complex, with perhaps more than one 
disturbance capable of producing a set of microseisms, and (b) that the 
meteorological data, for disturbances centred well out to sea, are often 
insufficient as a basis for establishing correlations between microseisms 
and the direction, distance, or intensity of disturbance. 

Instrumental Material and Methods of Measurement 
•(A) Instruments : 


Records have been used from the following : — 


Station 

Type 

Component 

Period 

Wellington 

Galitzin 

Z 

Seismog , 4 .8 , Gal \'o . 




10.6 sec, 


Milne -Shaw 

N-S. 

10 sec. 


Wood -Anderson 

;n-s ■ 

G.S.sec. ,/ , 

Christchurcli 

Galitzin 

NE-SW 

24 sec. (Seismog. and 




Gal VO.’ 



NW-SE 

■' ■' ' ' 


- 

Z 

13 sec. ,, 

Auckland 

I\Iilne-Shaw 

N-S 

10 .sec. 

Tuai 

Wood-Anderson 

N-S 

0.45 sec. 

New Plymouth 

Wood-Anderson 

E-W 

0.50 sec. 

Kaimata 

Wood-Anderson 

NE-SW 

0.71 sec. 


As most of the micro.seismic periods to which attention has been given 
are from 3 to 7 seconds, the responses of the instruments arc of course 
widely different. The short period Wood-Andersons are naturally un- 
suitable for such studies, but occasionally the amplitudes are sufficient 
for measurements of periods and estimations of the times of maximum 
activity. For the longer period instruments, the variation of magni- 
fication with period should not be very much, over this range of 3 to 7 
seconds. 
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(B) Amplitudes : 

For an estimate of general activity, the average trace-amplitiide 
over a period of 5 minutes (3 for the Christchurch Galitzins) was measured 
by drawing a line through successive crests, and successive troughs, 
and measuring by planimeter the area so enclosed. A correction was 
subtracted for the width of the undisturbed trace. By doing this at 
suitable intervals, of 6 hours usually, but more often if desirable, a 
reasonably uniform progression was usually obtainable. For a given 
instrument, the method gives a good idea of the variations of general 
microseismic activity in the component recorded, if the variety of period 
is not so great as to introduce significant complications from varying 
magnifications for different periods. As between different instruments, 
the areas measured are of course not directly comparable, but changes 
in the ratio of amplitudes between components at the same place can 
be measured. 
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(C) Periods : 

For measurements of periods, the most prominent wave -trains 
were selected, if the motion showed reasonable miiformit};^ for se\'eral 
successive waves, and an average period determined for the train. 
Usually the best train near the half-hour mark was measured at eacli half- 
lioiir. An alternative method, averaging the periods of about ten trains 
during an hour, at intervals of 3 or 6 hours, was found to give much the 
same general run of periods, and the standard deviation from the ax'erage 





























s. 2. Portion of Galitzin Z record at Wellington, showing the 
rise and decrease of inicroseisinic activity. 
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for the ten trains was usually less than J sec. The individual reaclings 
by the first method are shown on the diagrams to exhibit the degree 
of scatter. Occasionally, when the motions were very irregular, no 
•dominant regular wave-trains could be selected over a half-hour run ; 
but for the most part, it is considered that a fair picture of the dominant 
periods was obtained. 

The Storm of 14th-16th February, 1947 

A fairly simple situation was afforded by the storm of 14th- 16th 
February, 1947, which was violent over most of the North Island. The 
•cyclonic centre developed inland after fairly quiet conditions, and then 
moved eastwards out to sea. The position of the centre and the pressure- 
distribution were thus known with some accuracy at the start, but less 
.accurately as the storm moved off the land. Fig. 1 shows the synoptic 
chart as prepared by the Weather Office for 15th Februai^g Oh. G.M.T., 
and also the path of the centre from 14d. Oh. to 15d. lOh. ca. The 
figures at stations give Beaufort wind-strengths at 15d. Oh. Pressures 
at the centre are shown in Fig. 3C, indicating the intensification of the 
•cyclone up to a maximum about 15d. Oh. It may be remarked that the 



Fig. 3 .- -Average amplitudes at WeUington (A), and at Auckland 
(D) ; wind -velocities at Wellington (C) and at Ardmore, near 
Auckland (I)) .; Barograms at Wellington and Napier (B) ; 
and pressures at the storm-centre (circles in C). 
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intensity and extent of this disturbance are much the same as those of 
a hurricane at Florida quoted by Gutenberg(8), p. 116, as an exani}:)le 
of the efficiency of a tripartite station in indicating the direction of a 
iiiirricane-centre ; they are however exceptional for New Zealand. 
Variations of average inicroseismic amplitudes. 

The progression of average amplitudes, as defined above, is shown for 
Wellington in Fig. 3A. (A reproduction of part of the Galitzin record 
at Wellington is given in Fig. 2). Towards the maximum the Galitzin 
traces were too much intermingled to be measured, while at minimum 
the Milne-Shaw amplitudes were too small, so that the values for the two 
instruments have been made to coincide at intermediate points by ap- 
plying a suitable factor. The unit for average amplitude is of course 
arbitrary. A rise to and decline from a sharp maximum at 15d. Oh. is 
w^eil indicated. The wind-velocities at Wellington, as recorded by 
Dynes anemometer, are shown in Fig. 3C, the maximum gust being 72 
m'.p.h. The circles in the same figure show the pressui'es at the centre,, 
as far as they could be estimated, while Fig. 3B shows barograms at 
Napier, which was close to the path of the centre, and at 'Wellington. 
It is seen that for this case the microseismic activity could be correlated 
quite well with either the strength of southerly wind at Wellington,, 
or wdth the intensity of the pressure -low at the centre of t he cyclone,, 
or even with the pressure-variation at Wellington. 
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At Christchiirch, the amplitudes for the three Galitzin components 
aiv shown in Fig. 4, together with the wind record for Wigram, nearby. 
Although there is more scatter here in the values (the greater time-scale 
making an interval of 3 minutes all that could be conveniently covered 
by tlu' planimeter), a fairly definite peak is seen for all three components 
at 15d. t)h, ca, again coinciding with a peak in the wind-velocity (maxi- 
mum gust 50 m.p.h.), However a previous peak in amplitudes, at about 
13d. 12h., was reached while the wind was low, before the development 
of the cyclonic centre. A cold front, weakening as it passed northwards, 
passed througli Christchurch at 13d. Oh. and through Wellington at 
13d. 121i. This perliaps was responsible for the microseismic activity of 
the first peak at Christchurch, and for a slight irregularity in the Wel- 
lington curve at 13d. 12h. The similarity of the amplitude -curves for 
the two horizontal components at Christchurch, the ratios of the two 
components being found not to vary in any systematic manner, is a point 
of interest. If tlie motion was purely longitudinal (horizontal component 
cT 14ayleigh or P waves) a change in the direction of a small originating 
centre would produce a change in this ratio.. On the other hand, the 
cliangi' of direction in the present case of the storm-centre was not very 
miicli, and a larger originating area would tend to a more constant ratio. 
Again, if transverse components (from Love or S waves) were repre- 
sented ccjually with longitudinal, the ratio would not be affected by a 
cliange of direction of any originating area. 

At Auckland, hdg. 3D, a peak in amplitudes is again reached at 
ISd. Oh. ca, but little resemblanee is apparent to the wind-velocities 
(.mrve from Ardmore, some 15 miles away ; the wind-strengths here were 
smaller than farther south. 

At New Idy mouth, to judge only from a general inspection of the 
\\'"A record, the ma.ximum was at about 14d. 6-12h., with a lull at 15d. 
Ih. ca, and a, rise to a smaller maximum at 15d. 20h. ca, with hardly 
percejitible movements at 16d. 12h. 

At TucU, also W-A, perceptible microseisms began at 14d, 4h. ca, 
became most prominent from 14d. 18h. to 15d. Oh., and faded to verv 
little at ISd. 20h. 

At Kaimata, (inland from Greymouth), no activity was observable on 
tlie W'-A record throughout the storm. In the last three cases, the ab- 
sence of visil,)le motion does not mean, of course, tliat none would have 
been recorded on longer-period instruments. 

T(,) sum up, maximum activity was observed at Christchurch, Wel- 
lington, and Auckland at about I5d. Oh., at Tuai a few hours earlier, and 
a.t New Plymouth some 15 hours earlier. At 15d. Oh., the cyclone was 
centered at 4H S, 179.5'' E (see Fig. 1) over deep water, some 675 km. 
from Christchurch, 440 km. from Wellington, and 620 km. from Auck- 
land. After ISd. Oh, a general decrease of amplitudes accompanied the 
increa.sing distances of the centre from all stations ; there may also have 
been a diminution in the intensity of the cyclone from the same time. 
Between 14d. Oh. and 15d. Oh., the distance of the centre from Christ- 
clmrch did not vary very much, that from Wellington increased slightly, 
and that from Auckland increased considerably, so that over this period 
there is no apparent uniform relation between the increase to maximum 
amplitudes and the changes in distance from the centre. 
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The wind-velocity at a station would depend on its distance from 
the centre, and on the pressure -gradient in its vicinity, so tliat if the 
microseisms were originating from areas of strong wind or liigli gradient, 
a more or less circular zone would be involved, with an average radius 
of some 5C)() km. (the winds being strongest at about this distance from 
the centre, in the present case). There would however bo ('oiiij^lications 
if excitation of microseisms v/as favoured by the presence of cka‘p water, 
or of cliffed shore-lines and surf, or of mountain-ranges, each of which 
lias been postulated by different investigators, or again if conditions of 
transmission for surface waves wmre affected by structural features along 
their paths. 

Periods, 

The distribution of periods of the most prominent wave -trains is 
shown for Wellington in Fig. 5A. The range is from 4.4 sec. to 7.3 sec., 
with a well-defined maximum around I5d. Oh., the time of maximum am- 
plitudes, and a perceptible drop in period after the passage of the weak 
cold front at 13d. 12h. ca. At Christchurch, Fig. 5B, apart from a rise 
of approximately | sec. about the time oFpassage of the cold front, there is 
little departure from a uniform range of 5 to 6 sec. At Auckland, I'hg. (SA, 
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there is a rise from 5.5 to 7 sec. in approaching the maximum amplitudes, 
after which the periods remain between 6 and 7 sec. On the W-A records 
at New Plymouth and Tuai, the periods are measurable with less ac- 
curacy, owing to the lo\¥ rounded shape of the wave-crests of the longer 
periods, and the prevalence of small shorter-period motions (1 sec. or 
so); but the Tuai periods can be seen (Fig. 6B) to range from 4 to 6 sec., 
with a rising tendency from 14d. 8h. to 15d. 12 h,, while at New Ply- 
mouth (Fig. 6C), although a fairly well defined maximum appears around 
14d. 12h. about the time of maximum amplitudes, the periods range only 
from 2 to 4.2 sec. The W-A periods are respectively 0.45 and 0.50 sec., 
so that tliere seems no instrumental reason for the difference. The New 
Plymoutli instrument is ver^yclose to the surf-beaten coast of the Egmont 
Peninsula, and the explanation may lie in its being more susceptible to 
microseisrns of such an origin than the other stations, or, as the micro- 
seisms would presumably originate during most of the period on the east- 
ern side of the country, there might be obstacles to the passage of certain 
wave-periods across tlie grain of the North Island. 
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Within the raiiKC of distances involved, there appears to \)c no ^eiuM-a! 
tendencv for the periods of tlic more prominent vva v(-tiains to mc'reas^^ 
with distajice from tlie centre of the storm. 1 here is iii this instance 
a tendency for the longest periods at a given station to occur at about 
the time of inaxiimnn aniplitudes. This particular stornu howi'ver, li 
it is assumed that microseisms would originate over a considerabh‘ area, 
remained, during the time of observation, too eios(‘ to tlu' stations lor 
the distances from stations to storm-centre to iniK'h sii^nilicama'. 

The conditions would be very different, for example, Irom those of th(‘ 
recordings at St. Louis of microseisms originating in tlu'^ Atlantic, or in 
Central Europe or Russia from origins on the coasts of Norway. Wh' 
need therefore, especially from the point of view of foremislmg possibilu 
ties, to study locally the effects from disturbances from greattu' distances. 
On our seismographs the recorded amplitudes from will be smaller 

than those corisidered above, and instruments desigmnl to respond to a 
range of say 4 to 7 sec. would be miicli better. Thi* diHiciilt>' of lindiiig 
conditions where only one disturbance is liktly to l)i‘ oi inlhience will 
be intensified, as well as that of having accurate meteorological data., 
However, detailed descriptions of the courses ol some iiitmise I'yclones 
are available from studies by the WeatherOliua’ ; the mit'roseisms 
associated with a few of these are being examiiu‘d in a similar manner,, 
and will be treated in a further paper. 

Vibrations of Observatory buildings, or air curnuits, caused by 
strong winds have sometimes been eonsidc'rcul as a po.ssibh' .^oun'c ol .sonu^ 
]nicrosei.sms. To test this point at the I)ominion ( )bsi‘rvatory, tlu‘ Wood ■ 
Anderson record at tlie heiglit of a later .southerly storm was I'omjiared 
with aquickrun record from the Dynes anemometer at the Weather Olfua^ 
alongside. The strongest individual gusts were ac('oin])a.nii‘<l by a ccadain 
fuzziness on the W-A record, piX'suniably n^jux'senting vibrations ol 
periods less than about wliich is the a,jq)roxiina,t(‘ limit ol iX‘.so- 

lution on the records. Microseismic periods of the ordm' uf a si'coiid, 
which are common during the storms, do not appear to 1 h‘ diixx'tly a,.ssocia-' 
ted with wind-gusts. It was noticeable, however, that tlu' inte.rvahs 
between gusts were of the same order generally (not incfividually)., Irom 
4 to 7 sec., as those of tlie prominent microscisms. A ('.ertaiii general 
resemblance was noticed also l‘)etween the succession of microseismic 
peaks, over a run of 7 or 8 min., and that of wind |)eaks, with the latter 
lagging some 9 sec. behind. Such a resemblance migdit occur if a 
portion of the microseismic activity was due to the wind-gusts acting oii 
either the sea, or on mountain -ranges, at a distancx'. of the. order ol 
25 km. Naturally at this distance the succession of wind-gusts would not 
be exactly the same as at Wellington, and a very clo.se conx‘S[)ond(uic(t 
could not be expected. It is hoped to make further investigation of thi.s. 
point, for both northerly and southerly gales, as o])|,)c)rtunity ari.scxs. A.s 
far as observations have gone, heavy microscivsmic activity at Wellington 
appears to be associated more regularly with soutlierly gah^s than with 
northerly gales of tlae same strength, 

Attempts to identify individual wave-trains or amplitudopcxiks at 
more than one station, especially Auckland, Wellington, and ('hristchurch 
were not successful. Nor was any consistent phase-difference observed 
between horizontal and vertical components on the Christchurcl i (laiitzin 
records, nor, as mentioned above, any progression in the amplitude- 
ratios of the two horizontal components. It is hardly to (^xpectexL 
however, that such phenomena would occur at the short ranges of dis- 
tance involved in the present instance, 
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AN EXPERIMENTAL PRESSURE PLANT FOR 
TIMBER PRESERVATION RESEARCH 

Bv K. M. Harrow, Wood Technologist, Plant Diseases Division, 
Department of Scientific and Indnstrial Research, Auckland 

(iiYtvit'£'(?/or 24th July, 1947) 

Introduction 

In connection with investigations into methods of timber impregnation 
it was found necessary to install a pressure plant at the Plant Diseases- 
Division. Requirements were the treatment of commercial siz^e building 
timbers of sufficient length to obviate the effect of end penetration,, 
operation over a wide range of initial and final pressures and tempera- 
tures, and a means of reading absorption rapidly and accurately. Draw- 
ings of experimental plants were obtained from overseas, but none wxis 
found suitable. In this paper is described a unit designed and installed 
at the Division in 1945, 



Fig. 1 .—Experimental Pressure Plant 


D ESCRIPTION OF PLANT 


The unit (Fig. 1) consists of a treating cylinder(A) 12 ft. x 1 ft. a 
measuring cylinder! B) 5 ft. x 10 in., a If in. rotary pump(C), a daily 
type vacuum pump(D), six 100 gallon storage tanks and pipes and 
fittings. 


The treating cylinder is set up with a fall of 1 in. from door end to 
facilitate emptying and to permit thorough displacement of air when 
filling. It is fitted with a vacuum(l) and two pressure guagcs 0-100(2), 
0-500(3), thermometers{4), steam coil(5), inlet outlet valve(6) at the 
low end, and pipe(7) connecting the top of the door end to the base of the 
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ineasuring cylinder. The vertical measuring cylinder is htted with 
three glass level gauges(8) arranged to give continuous readings over a 
range of 10 gallons. At the top is fitted a safety valve(9), with a com- 
pressed air intake attached to its base, an adjustable air bleeder valve(lO) 
and a vacuum take off. The two cylinders have a solution capacity of 
70 gallons and can be filled in 15 minutes. They can be evacuated in 
4 minutes. Timber of dimensions up to 8 in. x 6 in. x 11 ft. may be 
treated. 


Calibration of Plant 

With timber in the cylinder and the remaining space full of solution 
any drop in level in the measuring cylinder indicates a corresponding 
absorption into the timber, so that graduation of the vertical cylinder 
can be used to measure absorption. It was found that when known 
volumes of water were poured into this cylinder, a linear scale could 
be made. This has been graduated in 0.01 gallons and is suitable for 
solutions of any specific gravity. 

Plant Operation 

The unit is capable of flexible operation. It can be filled with solu- 
tion at any pressure between almost complete vacuum and 50 Ib./sq, in. 
without any alteration in pressure during filling, and can operate to a 
maximum solution pressure of 400 Ib./sq. in. 

If treatments involving initial vacuum are required , th e vacuum pump 
is set in operation and a bleeder valve in the vacuum line adjusted so 
that the desired pressure in the cylinder is obtained. The solution may 
then be drawn in from a storage tank through the inlet/outlet valve 
with the pump still running and the bleeder valve readjusted to maintain 
the required pressure. When the treating cylinder is full, solution 
comes over into the measuring cylinder wTich is filled until the liquid 
level is near the top of the glass level guages. The inlet and vacuum 
line valves are closed, the pump stopped and a start reading taken. 

When initial air pressures are employed, air from bottles is intro- 
duced until the desired pressure is obtained, the solution is pumped in 
and the air release valve adjusted to bleed the displaced air, thus keeping 
the pressure steady. Again both cylinders are filled. 

With the cylinder full, valves closed, and a start reading taken, 
pressure is applied to the solution by compressed air introduced from 
bottles through a gas regulator. This is adjusted to maintain the re- 
quired solution pressure. 

When the run is completed, the cylinders are emptied by reversing 
the rotary pump or by blowing out with compressed air. 
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Plant Error 

After tiie unit had been operated a few times it was found that an 
accurate balance between measured absorption and weight increase of 
wood could not be made. A check disclosed a plant error which is now 
allowed for in all readings. A correction is determined by filling the 
plant at different initial pressures in the absence of timber and applying 
increments of pressure to the solution. The drop in liquid level which 
results is probably due to contraction of small volumes of air trapped 
under the gauges, and to expansion of cylinders. Solution pressures 
above atmospheric are found to give a reasonably constant drop in level 
at any given pressure, irrespective of initial air pressure, provided the 
level at atmospheric pressure is taken as zero. However, when filled 



Fig. 2. — Correction Curve for Plant Error. X Shows ^Mean Value 
Determined at each Pressure. 


under vacuum, the drop in level when the vacuum is released is not 
constant but varies with the conditions to wdiich the solution has pre- 
viously been subjected. The second of any two consecutive runs using 
initial vacuum shows a much smaller error than a vacuum run following 
a run using initial air pressure of say 20 Ib./sq. in., which leads to the 
conclusion that the dissolved air affects this error considerably. A 
reasonably constant figure is obtained by recording the second of two runs 
filled under the same vacuum, so that a necessary preliminary to all runs 
requiring initial vacuum is to fill the plant under the vacuum, then 
pump the solution back, before the timber is introduced and the run 
commenced. Fig. 2 shows the correction curve w^'Mch has been deter- 
mined. 
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METHODS OF EVALUATING PRESSURE SYSTEMS FOR. TIMBER 
PRESERVATIONS WITH AQUEOUS SOLUTIONS 

ABSORPTION 

'Ey K. M. Harrow, Wood Technologist, Plant Diseases Division, 
Department of Scientific and Industrial Research, Auckland 
{Received for puhlicatwn^ 2 4ih July^ 2947) 

Summary 

New Zealand building timbers require preservative treatment 
to protect them from wood destroying beetles. The treating 
method used should ensure that cutting treated timber does not 
expose untreated susceptible wood, a requirement which can be 
achieved by using suitable pressure impregnating systems. Methods 
developed to compare gross absorption, kickback and nett retention 
produced by various pressure systems are presented. 

Introduction 

While timber preservation in New Zealand is in an early stage of 
development, in Europe and America it has been employed since early 
in the 19th century to protect timber in contact with the ground from 
.fungous attack. In the two latter countries, the principal destructive 
agents of building timber are fungi, which commonly attack the un- 
preserved ground floor timber of stone and brick houses. Damage by 
wood destroying beetles is seldom reported. 

The hardwoods imported from Australia for poles and sleepers are 
sufficiently durable not to require preservative treatment, and buildings 
in this country are not normally attacked by fungi. When fungus 
attack does occur it is usually associated with faults in construction, 
such as absence of subfloor ventilation, building with timber to ground 
level, or with exterior timbers that have been opened up by insects. 

However, in New Zealand where the majority of houses are wooden, 
wood destro^dng beetles have found a particularly suitable environment. 
Many early houses, were constructed of white pine, Podocarpus dacry- 
diodes A. Rich, a timber composed largely of sapwood which proved 
very susceptible to attack by the common borer, Anohium 'punctatum-'- 
De Geer. Other building timbers however® such as kauri, AgatMs 
australis Sdlish., matai, Podocarpus spicaf us R. Br. and rimii, Bacrydium 
cupressinuui Sol. contain a large proportion of durable heartwood, so 
that even when tlie sapwood present is badly damaged, the structural 
strength of the building is seldom seriously impaired. While Anohium 
has caused the collapse of very few buildings since the use of wdiite pine 
was discontinued, the damage to sapw^ood portions has brought about 
a considerable drop in commercial value of infested houses. To-day 
with restricted supplies of heart timbers, it is necessary to use a larger 
proportion of susceptible woods such as Pinus radiata Don and sap 
limu. Present indications are that preservative treatment of ^uch 
timbers is essential if future buildings are to have long life. 

Other insects should also be considered. The native longhorn, 
Amheodontus tristis Fabr., although not as widespread as Anohium, 
seriously damages even heartwood. With greater use of native hard- 
woods susceptible to Lyctus spp., this insect will also be a problem. 
These pests have made necessary preservative treatment of practically 
all building timbers. The problem is to find suitable means 

Metliods used elsewhere are cold dipping, hot and cold dipping, 
diffusion and pressure treatment. In New Zealand cold dipping has 
been in use eo in me r dally since 1938, while in 1947 a full scale pressure 
plant began operation. 
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Tliere is a fundamental difference between the accepted reqiHi‘ 0 - 
meiits of preservative treatment elsewhere and in New Zealand. In 
countries where wood preservation has been developed primarily to 
protect ground line timber from fungi, a concentration of preservative 
in the outer portion of the timber is considered adequate. Provided 
timber is loaded with a specified amount of preservative, depth of 
peiiet ration and distribution are considered to be of minor importance. 
Loadings of preservative suitable for ground line use have been 
determined by service tests over many years and have become more or 
less standardized in various countries. Choice of method is left to plant 
operator or purchaser. 

In New Zealand, building timbers have to be preserved primarily 
against insects, and consequently thorough impregnation of susceptible 
wood is as important as is the use of sufficiently toxic chemicals. 
Already apparent is the tendency to accept preservative loadings and 
methods used for fungous control overseas, as suitable for insect control 
in New Zealand building timbers. This is obviously dangerous. 
Methods adopted in this country should ensure that subsequent cutting 
or checking does not expose untreated susceptible wood. As the 
method most likely to achieve this object, pressure treatment has been 
investigated first. 

Presstjeb Process 

Two types of pressure process have been used : — 

(1) The fult-cell process, in which an initial vacuum is used to 
remove air from the wood and in which a high proportion 
of injected solution remains in the wood. This process is 
sometimes known as the Betheil process after John Bethell 
who patented it for tar oil treatments in 1S38. 

(2) The empty-cell process in which solutions are introduced into 
timber containing air at atmospheric pressure or above, 
and in which considerable proportion of the injected solution 
is forced out when pressure is released. There are two 
variants of the empty cell process : — 

(а) The Lowry process, patented by G. B. Lowry in 1906, in 
which the solution is injected into the wood without a 
preliminary vacuum. 

(б) The Reiiping process patented in 1902 in which a solution 
is injected into wood containing compressed air. 

Basical!}^ the processes used to-day are similar to those described 

.".above.- ' . - ^ - 

An investigation of these processes was undertaken in order to 
select combinations of initial and final pressures which would be satis- 
factory for treatment of New Zealand building timbers. Three factors 
must be considered when comparing treating systems ; absorption, 
distribution and time. In this paper are presented methods used to 
measure absorption. 

Absorption 

For timber preservation purposes absorption is defined as the 
amount of solution taken up by or forced into the timber being treated. 
Two absorption figures are obtained with systems that result in some 
of the injected solution being forced out when the pressure is released. 
Gross absorption is the total amount of solution injected into the timber, 
while nett absorption or nett retention is the amount remaining after 
the imprisoned compressed air has ceased to force the solution out of 
the wood. This process of ejection is known as Mclhach. 
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(a) Gross Absorption , — Absorption is usually expressed in pounds 
of solution per cubic foot of wood. Comparative work with various 
pressure systems has shown that this method of measurement does not 
indicate the degree of saturation because of the variability in the 
specific gravity and moisture content of the timber. 

Stamm and Hansen (1937) and Stamm (1938) have showm by 
measurement on several wood species that the specific gravity of wood 
substance in helium has an average value of 1.46, but when saturated 
with water the figure is 1 .53. This apparent increase in specific gravity 
is due to a decrease in the volume occupied by the water adsorbed on 
to the wmod substance. At fibre saturation point (30 per cent. M.C.) 
adsorbed water has a density of 1.113. To calculate the volume of 
voids at an 3=^ point below fibre saturation the figure 1.46 should be used 
and a correction made for the density of adsorbed winter at that moisture 
content. At fibre saturation and above, i.e., wdien fully swollen, 1.53 
is used. Any wood may be regarded as saturated immediately folio-wing, 
pressure treatment with aqueous solutions. 

Let Vf = Void volume of wood 

Vw = Wet volume. 

Wd = Oven dry weight. 

1.53 = Specific gravity of wood substance saturated wdth 
water. 

As the void volume of a stick is its volume minus the volume 
occupied by wood substance, 


Vf = Vw 


Wd 

L53 


= Vw — 0.654 Wd (1) 

Table I demonstrates the effect of timber specific gravity on void 
volume. Data have been calculated using equation (1) for a series of 
hypothetical samples. The table shows also the percentage of void 
that would be occupied and the maximum gross absorption in Ib./cu, ft,, 
that could be obtained with the moisture content at 20 per cent. 


Table X. — ^Effect ot Tt;mbek Spectfic Gb.avity on Void Volume. 


Oven Dry 
■Wei^^ht 
Units 

W'ct 

Volume 

■Units 

Void 

Volume 

Units 

Per Cent. Void 
Volume Occupied 
at 20 Per Cent. 
Moisture Content 

j Max. GroRB 

Absorption 
ilh . jcn , ft.) 

0.25 

l.O 

0.836 

5.98 : 

49.0 

0.3 

1.0 

0.804 

7.46 

46.4 

,.,,,0.4, 

1.0 

0.738 

10.84 

41.1 

0.5 

1.0 

0.673 

14.86 

35.8 

0.6 

1 

1.0 

0.608 

19.76 

30.4 


As specific gravities of the timbers treated during this investigation 
varied between 0.3 and 0.6 and moisture contents between 14 per cent, 
and 25 per cent, it is obvioius that a method of gross absorption measure- 
ment which accounts for these variants had to be introduced. 

It has been pointed out (Harrow, 1947) that in the experimental 
pressure plant, gross absorption is measured by volume and that 
densities of treating solutions are ignored since they do not affect 
volume. As the void volume of a stick determines the maximum 
volume of absorption possible above oven dry condition, void volume 
and maximum absorption have the same value. When a.stick is treated 
the volume of injected solution plus initial moisture can be expressed 
as a percentage of void volume. This is termed gross absorption 
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■percentage. ^ In determining the volume occupied by initial moisture 
its density is taken as 1 .0, for as already pointed out the figure 1 .53 for 
-wood substance specific, gravity accounts for the increase in density 

of wood substance when saturated with water. 

Set out below is a brief description of a typical empty cell treatment 
with the experimental pressure plant. 

A 14 ft. length of 3 in. x 2 in. P. radiata has 2 ft. cut from each end 
and discarded. From each end of the shortened stick a 2 in. sample is 
cut off for moisture content determinaton. The remaining 10 ft. is 
weighed to the nearest ounce, placed in the treating cylinder and the 
door closed. Sufficient compressed aiir is introduced into the cylinder 
to give a pressure of 20 Ib./sq. in. Pressure is held for 10 minutes, then 
the solution is pumped m, displacing air through a bleeder valve without 
varying pressure. When the solution has reached the required level 
in the measuring cylinder, the valves are closed and a start reading 
taken. Pressure is then increased to 40 lb. by additional compressed 
air-, held until absorption ceases, and then further increased to 60 lb 
In this way pressure is applied in increments up to 400 lb. When 
absorption is complete, pressure is released, the solution pumped out 
and the stick removed for weighing. The volume in gallons of the stick 
is then obtained from its length, and also its average vddth and breadth 
as determined from eight measurements per side. Prom air dry weight 
and moisture content of samples, the oven dry weight is calculated 
Then using equation (1 ) its void volume in gallons is determined The 
final reading at each pressure is corrected for plant error and added to 
the volume of initial moisture present. Prom these sums and the void 
volume, the gross absorption percentage at each solution pressure is 
■calculated. Data from a typical empty cell treatment are shown in 
Table II. 

When gross absorption percentage at each pressure is graphed 
against pressure, curves shown in Figs. 1, 2 and 3 are obtained. These 
are typical of P. radiata treated under the conditions given on the 
graphs. It will be shown in future papers that the curves are similar 
for permeable wood of the three species P. radiata, rimu and matai. 

The method described measures degree of saturation and in doing 
-so eliminates variations due to specific gravity and moisture content. 
Degree of saturation in so far as it indicates degree of penetration has 
value when selecting solution pressures suitable for preservative treat- 
ment of timber. A desired gro.ss absorption percentage may be obtained 
by selecting ^-ny of a number of pairs of initial and final pressures. 
For example, Irigs. 1, 2, .3 show that a gross absorption of 80 per cent 
may be obtained by using any of the followng three pairs of pressures • 
20 in. Hg to 50 lb., atmospheric to 70 lb. or 20 lb. to 130 lb., and it 
can be assumed, other factors being equal, that the penetration obtained 
will be the same However, because of kickback the nett retention 
resulting ivill differ considerably. 

WMle this method of gross absorption measurement is unlikely 
to find use commercially , a knowledge of its implications is essential 
if sound preservation methods are to be used. It shows that .spccifvinu 
gross absorptions m Ib./cu. ft. is unsound since there are large vari- 
ations in specific gravity, moisture content and proportion of permeable 
wood both_ within a given charge and between any two charges Speed 
of absorption into different sticks has also been found to vary con- 
siderably so that if a specified gross absorption is much less than the 
amount required for saturating the whole charge a number of sticks 



Absorption Percentage Gross Absorption percentage Gross Absorption Percentage 
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Table II.— Charge Sheet op a Typical Run for Gross Absorption 
Detebmhnation. Nett Absorption Calculation included. 

Rim N'o. : 79. Date : 12.2.46, Type : Reaping. Solution : ZnCia.SJpcr cent. 
Inilial Pressure *. 20 lb. 

Rinal Pressure : 400 Ib. SoMwn. ; Sp.GT. : 1.015 


stick No. 

Dimensions 

(in.) 

M.O. 

Per Cent 

O.D. 

Weight 

(lb.) 

Volume 

(Gal.) 

Sp. Gr. 

(l) 

Void 

Volume 

(gal.) 

PR. 6 

119x3.13x1.81 

14.8 

7.62 

2.44 

0.312 

1.94 


Air 

Dry Weight 
(lb.) 

(2) 

Wet 

Weight 

(lb.) 

(5) 

Kick- 

back 

(lb.) 

Nett Ab- 
sorption 
(lb.) 

Nett A1 
Per Cent i 
Dry ; 
Wood 

>sorption 

Ib./cu.ft. 

8.75 

13.31 

12.00 

4.56 

60.0 

11.7 


Readings 


Pressure 
<ib./sq. in.) 

Time 

(min.) 

Reading 

(feml.) 

Corrected 

Readings 

Amt. 

Absorbed 

(gal.) 

(4) 

j Total 

1 Liquid 
(gal.) 

ForCJent. 

Total 

Voids 

Occupied 

20 


0.23 

0.20 

— 

.11 

5.7 

40 

115 

1.13 

1.09 

'0.89 

1.00 

51.5 

60 

90 

1.36 

! 1.30 

1.10 

1.21 

62.4 

80 

: 43 

1.50 

1 .44 

1 .24 

1.35 

69.6 

100 

30 

1.61 

1.54 

1.34 

1.45 

74.7 

150 

30 

1.76 

1.68 ! 

1.48 

1.59 

81.9 

200 

23 

1.S5 

1.75 ! 

1.65 

1.66 

85.5 

250 

22 

1.90 

1.79 

1.59 

1.70 

87.6 . 

300 

7 

1.94 

1.81 

1.61 

1.72 

88.7 

350 

5 

1.97 

1.82 

1.62 

1.73 

89.2 

400 

3 : 

1.99 

1.83 

1.63 

1.74 

89.8 


<1) Prom equation (1). 

<2) Weight after kickback complete. 

{$) Reading corrected for plant error. 

(4) Solution absorbed ~f initial moisture (A.I) Wt.-0,D.Wt.). 

<5) Gross absorption x Solution Sp.Gr.—{weight after kickback— A.D.Wt.) 

Avould be poorly treated, while others would be saturated. To secure 
good preservation, pressures wliich produce high gross absorption 
percentages should be used and held until absorption ceases or as long 
as economically possible, thus ensuring that all the timber in a charge 
is adequately penetrated. 

Kickback 

All pressure systems used liave resulted in solution being ejected 
from the timber on release of pressure. Kickback is rapid for the first 
Jiour or so, the process then continuing gradually for periods up to five 
days. In this investigation kickback has been expressed as a ratio 
of gross absorption, the latter being calculated from the volume 
measured and the solution density. The closer the ratio approaches 
unity the greater the kickback. 

This important process results chiefly from expansion of air com- 
pressed in the wood during treatment. Air is either trapped .in 
individual cells or forced ahead of the solution and compressed into an 
untreated core. Some is dissolved. As the pressure required to break 
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water filims across tlie small orifices between cells is very much greater 
than that used in a pressure plant, io is assumed that kickback is pro- 
duced by air trapped rather than that in an untreated core. It is 
therefore probable that air compressed in an untreated core will bo 
•dissipated by diffusion from cell to cell or remain in the wood until the 
water has evaporated and free exit is available. Bubbles of compressed 
air trapped in the penetrated wood can expand within each cell and 
force the solution out, hut flow of air from cell to cell is unlikely. 
Bubbles which appear on the surface of timber after an empty cell treat- 
ment are probably produced by air coming out of solution. Bubbling 
does not occur over all the surface but is confined to areas of small 
checks. This hypothesis is supported by the fact that timber cut several 
days after an empty cell treatment still contains air under pressure which 
bubbles out from the centres of cut ends. Also a gross absorption 
percentage of 80 results in complete penetration of P. radiata but with 
the same figure a core of untreated wood remains in rimu and matai. 
‘This can be explained only by the presence of small unfilled spaces 
amounting to 20 per cent, of the void spread throughout P. radiata 
wood, while with matai and rimu the volume of unfilled spaces in the 
penetrated portion is much less. If kickback is produced by air in the 
penetrated portion, then P. radiata should have a greater kickback 
than matai and rimu under the same conditions. This is found to be 
true. Average kickback ratios for P. radiata, rimu and matai when 
'treated with initial atmospheric pressure and a solution pressure of 
80 lb. are 0.63, 0.37 and 0.29 respectively. As well as varying with 
timber species, kickback is greatly affected by initial air pressure. 
In Table III this is demonstrated by the mean figures of six runs with 
P. radiata. It will be noted that, while producing similar 
•gross absorption percentages, treatments have resulted in very different 
nett absorptions and moisture contents after kickback. 

Table III.— Kickback Katios, t4ETT Betentions, and Mdistttee Con- 
tents OF P. radiata Treated to similar Gross Absorption Percentages 


BY Three Pressure Methods (Means of Six Runs). 


Initial Air 
Pressure i 

Final 
Solution 
Pressure 
(Ib./sq. in.) : 

Gross 

Absorption 

Percentage 

Kickback 

Ratio 

Nett 

Absorption 
(Ib./cu. ft.) 

Moisture 
Content per 
cent, after 
kickback 

20 in. Hg 

80 

88.1 

0.21 

27.3 

160 

Atmospheric 

150 

86.8 

0.63 

13.0 

72 

lOib./sq. in 

200 

86.2 

0.76 

8.3 

I SO 


Nett Absorption. 

In this investigation gross absorption data were obtained through 
increasing solution pressures by increments. Nett absorption on the 
other hand w.as determined with timber treated by immediate appli- 
cation of solution pressures known, from gross absorption studies, to 
produce high percentages. Selected pressures were held until ab- 
Borption ceased. After removal from the treating cylinder, treated 
s-bicks were weighed, then held in a closed tank over water until weight 
was constant. If they were held in the open it was impossible to obtain 
reliable nett absorption figures by weighing because the effect of drying 
could not be accurately measured. The increase above air dry weight 
is the nett absorption. It is best expressed as the percentage salt in 
oven dry wood, w/w as this is the system used when determining 
toxicity of chemicals. It may be expressed as pounds of solution/cu. ft. 
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of woo.d if the defects of this system are recognized as shown earlier. 
To check the figures obtained by weighing, chemical analyses were, 
obtained. Sticks were sampled by taking at each 10 in. a cross sectioiu 
in. long. These were ground, bulked and sampled. 

There are situations in which timber used should be treated to high 
nett absorptions as for -example, marine piling treated with oil soltible- 
materials. In building timbers, The lowest nett absorption that can 
obtained after high gross absorption is desirable since the timber is. 
then more easily dried and is light to handle after treatment. 

Basic knowledge of absorption and the factors affecting it can be 
obtained by the methods described Before full use can be made of 
this information in pressure treatment, factors affecting distribution, 
of salt and speed in absorption must be investigated. These will be- 
discussed in future papers. 
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OBSERVATIONS ON THE OIL CONTENT 
OF NEW ZEALAND FRESH WATER EELS 

By F. B. Shorland, Fats Research Laljoratory, Department of Scien- 
tific and Industrial Research, and J. Russell, Fisheries Research 
Laboratory, Marine Department, Wellington 

for pifMhyiiio 24th July, 1947) 


Summary 

( 1) Ininiatiire and mature eel populations from Lake Ellesmere and immature 
populations from P'oxtoii Lakes, Manawatii River and Hiitt River liave 
been examined for oil content. 

(2) 'riie populations were found to consist of both Anguilla- australis and 

Anguilla dieffenhachii, but in the area of the Manawatii River exaniined 
onlir one specimen of A. ausiralis was obtained. 

(3) Examination of tlie relationship between length and weight sliowed that 

over the size range 62-82 cm. the weight of A. australis could be calcu- 
lated from the length using the equation W = 33.94 (L 48.5 cm.), 
r - 4-0.975, S.E.* of the estimate — 80g. (where W weiglit in grams, 
1. length in cm.) which applied generally to migrant and immature 
eels. In the case of A. equation WL-. 38.45 (!v — 

43.51 cm.) r = 4-0.995, S.E. of the estimate 4- 62g. was applicable to 
immature specimens over the size range 52-89 cm., but for migrant eels 
the size range of which varied between 104 and 137 cm. the relationship 
between weight and length was markedly different and conformed to the 
equation \V ™ 187.7 (L — 91 cm.), r --- 0.995, S.E. of the estimate i 613g. 

(4) Tn the case of immature eels, the total oil content was found to vary from 
7-23 per cent, for A. aitslralis, while the oil content of A. dkffe-nhachii 
varietl between 8-18 per cent, in the case of lake eels. Samples taken 
from the Manawatii and Hutt Rivers showed, in most cases, a higher 
oil content which varied from 8-23 per cent. In general, the oil content 
was found to increase with the length of the eel. 

(5) Migrant eels, especially .4. dieffenbacMi, showed little change in oil 
content with length, the total oil content being approximately equiva- 
lent to that found for the largest size of immature eel. 

(6) 'the relatively liigh concentrations of oil found in the tail portions of the 

larger immature eels, amounting to 23.5-29 per cent, in the case of 
A. australis and 20-37 per cent, in the case of A, dieffenbachii samples 
from the Maiiawatu River, suggests that these portions would form 
iLseful material to be treated separately for oil extraction, 

(7) Immature eels may be distinguished from migrant eels by the different 
type of oil distribution. The ratio of oil content of the tail to the trunk 
was found, in the case of A. aitstralis, to be 3.42 (S.E. 4- 0.27) for 
immature eels as compared with 1.69 (S.E. i 0.08) for migrant eels. 
Corresponding values for A, dieffe^ibachii were found to be 3.29 (S.E. 
4-; 0.25) and 1.47 (S.E. ± 0.20) respectively. These values are marked- 
ly different from those calculated for A. vulgaris using published data, 
whicli showed that the oil in this species was almost uniformly distributed 
as between the trunk and tail portions. 


* Standard error. 
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(8) Studies on the distribution of oil in the tissues of the inuuature ce! sh()\ve<i 
that approximately 70 per cent, of all the oil present in the lisli v\ as con • 
centrat(H in the tail, which comprised approximately 40 per cent, of the 
total weight of the fish. With the omset of migration, a remarkable 
change' was shown to occur in the distribution of oil, resnIOng in tlu' i<,‘- 
du('lion of tlie oil content of the tail to 41 per cent, of tlie total oil vc^vv- 
\a.'s in - / . dieffe}i}>(tchii and to 57 per cent, of the total oil rt'serva-s in the 
case of -i . austvalis. This relatively greater reduction in tiu' cas(‘ ol 
A. dicffenharhli was accompanied by the production of lai-gi' oil r(.'S('r\'(‘s 
in the ovaries, amounting to 20 per cent, of the total oil prescait in 1 lit' c-ei . 

(9) The implications of the present results in regard to eel canning and oil. 

])roduction are considered. 


Introduction 

Fresh water eels, because of their abuudance. tlieir liigli oil content 
and the presence of considerable amounts of vitamins A and 1) nlfer 
opportunities for ptrodiiction of oil as well as for utilization as food. 
Up to the present time, attempts to commercialize these lish for e.yport 
have not been successful (1, 2) and their utilization has betai restiT'ted 
to the sale of small quantities in fresh or smoked condition (2) on the 
local markets, and to their use by the Maoris, wiio have long prizt'd ee!s 

as a source of food. In response to a demand by U.N.K. K* \., eels 

were canned in various localities. 

Interest in tlie control of eels as predators of trout lias lieen sliowm 
by Acclimatization Societies, and in the principal eastern trilnitaries 
of the Oreti River in Soutliland, in tlie 1937-1938 season, systematic 
trapping showed tlie presence of 250-600 tons of eels per sc}iiare mile of 
river water (1,3,4). Other observations (2) show that in 1942 tlie 
migrant eels alone from Lake Jillesinere arniiuntecl to not hess tlian 550 
tons in 100 square miles of shallow brackisli water. Similar aggregations, 
probably not so large, occur eacli autumn in Lake Oiioke, but some 
consider that the numerous lakes in the Waikato 14iver system carry a 
total eel population that exceeds by far the available stock in any other 
district (2). The total weight of eels in New Zealand is thus sufficiently 
great to warrant a more careful survey. 

It has been suggested than an annual catch of eels of up to 10,000 
tons (5) is possible. This may be compared with the annual catch in 
New Zealand of less than 20,000 tons of all marine sp)ecies. Thougii 
such a quantity of eels may be available, the biological evidence sn 
far presented falls short of establishing the total quantities present or 
the amount of fishing which may be carried out without seriously de- 
pleting the existing stocks. 

Potential Production and Value of Oil from Eels, 

In the absence of accurate information concerning total (|uantities 
of fresh water eels in New Zealand, it is obviously impossible to assess 
the potential annual production of oil. The potentialities must lie 
considerable, however, since the migrant eels from Lake Itllcsmere 
alone are estimated to contain not less than 80 tons of oil as compared 
with the average local whale oil production of 300 to 600 tons. 1'ests 
have indicated that eel oil suitably prepared would not only be a sub- 
stitute but would for some purposes, be preferable to whale oil (7). 
In view of its content of vitamins A and D, however, consideration 
should be given to its use as a veterinary oil. The New Zealand lish 
liver oil industry is based largely on shark liver oil, which, althougii 
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rich in vitamin A, is poor in vitamin D. Such oil, when fortified with 
synthetic vitamin or calciferol, is satisfactory for mammals, but 
cannot be used successfully with poultry, which require vitamin 
In this particular connection, eel oil containing natural vitamin D could 
fulfil an important function, the value of such oil sold for veterinary 
purposes being somewhat greater than if sold as industrial oil. 


Brief Description of the Two Species of New Zealand Eel 

It is not proposed to deal in detail with the biological aspects of 
New Zealand eels in this paper, as the subject has recently been ade- 
quately covered by Cairns (3). In addition, Hobbs (6) is shortly 
communicating the results of observations made on Lake Elles- 
mere. However, for the purpose of clarifying subsequent discussion, 
it is necessary to point out that two species of eel are known to occur 
in New Zealand Anguilla australis schmidtii Phillips and Angitilla 
die^enbachii, Gra}^, conveniently named short-finned and long-finned 
respectively, and differentiated by the relative lengths of their dorsal 
fins. The male of both species, in common with the behaviour of eels 
elsewhere, occurs only in the estuaries of large rivers and in the coastal 
lakes and lagoons. The long-finned female eel is found in all areas of 
pernianent water to wdiich access is possible ; the short-finned female 
eel is confined principally to the lower reaches of rivers, coastal lakes, 
and some inland lakes in the South Island. In the North Island, par- 
ticiilaily in tlie Auckland Province, this eel inliabits some of the up- 
stream waters in the same environment as the long-finned female (3). 

In respect of weiglit, Cairns (3) records 0.9 to 1.1 kg. for the average 
adultf male and 1.8 to 2.7 kg. for the average adult female long-finned 
eel. Corresponding values for the short-finned species are respectively 
shown as 0.25 kg. and 1.1 to 1.4 kg. Hobbs (6), found the long-finned 
female migrant J. eels from Lake Ellesmere in 1942 to range from 1 .6 to 
11.3 kg., (average 6.1 kg.), the male migrants varying from 0.25 to 
0.96kg., (average 0.63 kg.). He also ob.served that the female short-finned 
migrants were typically 0.59 kg., specimens of over 1 kg. comprising less 
than 10 per cent, of the total numbers of this group. While the short- 
finned female is stated as .seldom exceeding 1.8 kg., certain late maturing 
long-finned female eels have been found to weigh as much as 18 kg. (3). 
New Zealand eels are thought to spawn in deep water off the Great 
Barrier Reef, Australia (8). In the course of two years, the elvers or 
young eels, return to the river in the late spring and after maturing, 
which may take some fifteen years, they migrate in the autumn for 
spawning. 

Synthetic vitamin D^ is now available commercially, and, although some- 
what more expensive than the D 2 » is being added by some firms to New 
Zealand fish liver oils used for poultry feeding. 

t Term adult here indicates stage between first appearance of sex organ 
where it is pos.sible to differentiate between male and female, and stage 
where gonads commence maturation. 

I The migrant eel here represents the stage at which the sex organs have 
reached their maximum development in fresh water. (Private communi- 
cation, D. Caims.) 
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Composition of Eel Oil 

loTsii wattM' eels occur in various parts of the world (9), and ('on- 
si<k‘ratioii of the analytical constants obtained by various iiu'estikatnr- 
allows tliat the composition of tlie body oil is variable. 


'i'Aiu.r 1. Cn ARACTERisTics OF Ehi. Olf.S 


S|UTit.!S 1 

l.ocality } 

Sap. Kciuiv. 

lod. Val. 

roAtidiif (iO) 

Xortli .Atlantic coast | 

of Aniei'ica 

29:-5 . d 

117.4 

ru/^aris ill) 
(lUAirdlis 

Icurope 

: 27:L4 

90.6 105.8 

rhuiidlii (Li) 

; New Zealand 

1 289.2 ^ 

107.0 ^ 

japonic a i LS) 

1 Japan (spring) | 

1 284.7 1 

146.2 1 


(winter) 

1 290.7 

158.9 i 

dicfftoilii'ciiii 114] 

I New Zealand 

1 290.4 1 

122.5 1 


Tlie only detailed studies of the fatty acid composition of e(‘l oil are 
those made by Sliorland and McIntosh (14) on A. dieffciihachii. and b};’ 
Lovern (15) on d. vnlgaris, taken respectively from the Hutt River 
(near Upper Hutt) and from tlie estuarine waters of the River Dee 
in. Scotland. 


Table II. Fatty .Xcid Composition of Kel Oil 
(Fatty Acids Weight Per Cent.) 


, 

Saturated 


Unsalnialed 



S]’iecies 

bt4, 

^10 

b 1 8 

Cm 


biH 

b.o 

b'22 

l.engt'h 

A. diej'frU- 

2.0 

14.9 

0.8 


19.7 

47,6 

14.4 

0,6 

130 cm . I(,)ng 

I'acJiii (14) 
A.vuidif- 

4.3 

16.8 

2.5 

0 . 1 

(2.01-1) 

8.8 

(2.61:1) 

39.4 

(6.2H) 

20.8 

(?H) 

7.3 

(7 pen' ('ent, fat) 
30-35 cm. 

ris (15)" 

1 

Antarctic . ■■ ' 

4.3 

6.3 

17.8 

18.2' I 

1.7 

2.4 

(2 .OH) 

3.7 

(2.2H) 

9.2 

(2.2H) 

13.3 

(2.5H) 

38.4' 

(2.7H) 

38.4 

(5,6H) 
20 . 1 
(6.0H) 
11.4 ‘ 

(10.211) 

8.5 

(9.3H) 

6,3 

1 (9 per coni, fat) 

! v5()-55 ('in. 

(24.1 percent, fat) 

Whale 

Git AS] 


1 ■ . ’ 


(2 .OH) 

(2.0H)I 

i 

■ . i 

(2.6,H) 

1 

(5.6H) 

(9. OH) 



It is interesting that, although tlie iodine values of the oils from 
-L dicffenbachii and A. vulgaris reported in Tabic 11 were found to he 
similar (122.5 as compared with 118,5 and 119,0), their fatty acid com- 
positions are shown to differ considerably. This difference is attributed 
b}' Lovern (17) to the fact that the d. vulgaris .sample was taken from 
bracysh estuarine waters and therefore resembles, in rcsjiect of its 
relatively high content of and unsaturated acids, a marine type' 
of fat. I he other sample was taken from an inland stream and there- 
fore the fat is of the fresh water type, characterized by relatively de- 
creased proportions of C^o and especially of unsaturated acids and by 
increased proportions of unsaturated acidi. The latter, in common 
with the Cjg unsaturated acids from oils of aquatic origin were found 
to consi.st mainly of oleic acid together with minor proportions of stcari- 
yme acid. Experiments made by Lovern (15) suggest that .salinity 
has httle, if any, effect on the composition of eel fat, the observed varia- 
tions in fatty acid composition as between marine and fresh water fish 
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being probably of dietary origin. For example, eels (0. vulgaris), 
fed a diet rich in fat (herring with 20 per cent, fat) modified their depot 
fats, such ingested fat being incorporated in the depots with relative 
proportions of the various acids practically unchanged. The quanti- 
tative relationship between the amount ingested and the effect produced 
was. howaiver, obscure. 

The decreased proportions of highly unsaturated C^o and acids 
found in the sample of oil from the Hutt River eel are of coniinercial 
interest because sucli oil would tend to resemble the non-drying edible 
vegetable oils and could no doubt be converted into a useful substitute 
even more readily than whale oil, the composition of which is shown 
in Table II for comparison. 

In a further series of experiments Lovern (18) fed ethyl esters of 
fatty acids to eels. The diets produced certain modifications in the 
composition of eel body fats, but apart from a noteworthy increase in 
the content of palmitic acid, when ethyl palmitic was fed, tlie changes 
were too small to be differentiated with certainty from the combined 
experimental error and natural variation. 

In the course of the various feeding experiments Lovern (18) noted 
that eels do not necessarily primarily utilize fat during partial starvation, 
but may use protein instead, thus actually having a higher fat percentage 
after loss of weight. 

Vitamin A and D Content of Eel Oil 

As early as 1927 the Medical Research Council of Great Britain (19) 
made reference to the fact that eel oil contains not only vitamin D but 
nearly as much vitamin A as good cod liver oil. In regard to New 
Zealand eels, Denz and Shorland (12) found in 1934 that a sample of 
eel body oil from Lake Wairarapa gave a vitamin A blue \'alue of 4.3 
units. Later measurements by Shorland and McIntosh (14) showed 
values varying from 4.3 to 12.0 or not less than 130 to 380 international 
units per gram, as compared with 1,600 I.U. per gram for medicinal 
cod liver oil, (Tmningham (20) and Weeber (21 ) reported respectively 
a vitamin I) content of 47 I.U. per gram and 25 I.Lh per gram for the 
body oil of A, australis. Eel livers yield oils exceptionally rich in 
vitamin A, containing up to 100,000 I,TL per gram (cf. 14,22). Since, 
however, the livers comprise less than 2 per cent, by weight of the fish 
a,iKl have low oil content (14,22), their vitamin content has no ct,)m- 
mercial interest. Associated with the high vitamin A content of eel 
liver oil is the fact that Ward (23) has quoted a vitamin I) content of 
1,400 EL. per gram as typical for the liver oil from Anguilla species. 

Studies of A. dieffcnhachii by Edisbury, Lovern and .Morton (22) 
showed tliat the increase in oil content with weight (over tlie weight 
range 0.37-3,9 kg.) from (L5 per cent, to 21.0 per cent, was accompanied 
hv an increase in the total amount of vitamin A stored in the body 
I'ompared with the amount stored in the liver. They found that the 
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oil was not iiniformly distributed throughout the tissues, hut tha,t tin* 
highest proportions were present in the skin, the tail portion being U‘ss oily, 
followed by the still lower oil content of the trunk and head. In rcrspect 
of vitamin A concentration, the oil from the trunk ('ontLuned tlu' liigiurst 
proportions, with the tail next, followed by the head and skin oils. I'he 
body oils were found to range from 4-29 mg. per KK) g. with an a\aa-ag(‘ 
value of 12 mg. per 100 g., or approximately 300 l.U. of vitamin A \)vv g. 

Similar, though somewhat less extensive studies made on A . . vulfyaris 
by Edisbury, Lovern and Morton (22) showed that this eel, whicli matures 
at a much smaller size than A. dieffenbachii, had similar variations in 
respect to vitamin A potency to those exhibited by 4. dieffenbachii. 

EXPEJ^IMENTAL 

Sampling 

In the case of the migrant eels, advantage w^as taken of the extensive 
collection made by Hobbs at Lake Ellesmere in March and April 1942, 
when he captured 540 long -finned eels, average weight 13.36 lb., and 
3,420 short-finned eels, average weiglit 1.25 lb. From this collection,, 
two cases comprising 222 short-finned eels and a further cast' containing 
8 long-finned eels were selected for freezing (at 3-S‘"r.). 'the short -linneil 

eels were divided into four size groups as follows: 31 to 34 in., 27 

to 30 in., 23 to 26 in., and 22 in. and under. From the sinalh'st sizt‘ 
group, 8 males were selected, the balance of 18 b(‘ing n^jcx’bid, soim* 
because they were females, and others because decoinpusition niiuh' 
determination of sex, uncertain, Tlie three groups of largta- (ish weix* 
all females. The largest fish (31-34 in.) were all well ('omlitioiuvl. 
From each of the other female groups 27-30 in. and 23-26 in.. 5 atiimualt'd 
specimens from a total of 52 were rejected. Tins rejection was (Uanned 
necessary for three reasons (6): — 

(1) To ensure reasonable uniformity of condition of female lisli as between, 
the fish. 

(2) To ensure reasonable homogeneity within each group. 

(3) Because the Ellesmere fish show a lower weight for length than is* 
shown by samples from Lake Forsyth and Lake Onokc. and it is 
possible that the very attenuated specimens may be ones which, had 
attempted unsuccessfully to migrate seawards the previous yea.r. 

After rejection of these selected fish, each of the female gTon})s. 
was reduced by fair sampling to 10 specimens. 

In regard to the remaining collections of immature eels, the eels, 
from Lake Fdlesmere were frozen for transport and storage in Wellington, 
while those from other localities were received in fresh conditi(.)n f(.)r 
sampling at the laboratory, and the selected material boxed for storage 
at low temperatures (3-5°c.). In sampling for oil extraction the eels, 
were divided into groups as shown in Table III. and an endeavour was. 
made to have in each size group not more than 10, and not less than 
5 specimens. If there were more than 10 fi.sh within the .size grou}), 
the numbers were reduced systematically. For example, if there were 
Id eels in the size group 23-27 in., then two fish each representing as. 
nearly as possible 23 in., 24 in., 25 in., 26 in. and 27 in. sizes were selected 
to give a uniform coverage over the whole size group 



Tabt.e III. Frequency Distribution of Size Groups of Samples of Eels used in the Present Investigations 
AND THE Relationship between Weight and Size Group 
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The ligures for the perceiitage distribution of the migrant eels are taken from Mobbs(6), while the weights refer to those 
Rctnally found in the laboratory by the authors for the 38 eels used in the present investigation. 



ABLE ill. £ < nitiuued. 
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(c) Long“iiniied Eels. 


Shorland and Russell— Observations on the Oi: 
Content of New Zealand Fresh Water Eels 
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Jhv li.i^virc's in 'rable HI for the distribution of the size i^ronps, (e-x- 
j)ress(xl as a percentage of the total, in the case of tiu‘ Lake' Idh'snua'e 
jiiigrarO short -finned eels), are based on Hobb's nuarsunaueiits 
('cna'i'ing 222 eels, wliile the average weights shown art* tlu^st* ohlaiiuHl 
un the smaller sample used for oil extraction. Tlu* a\'ei'agt‘ weight 
; 153 g. 1 shown for tlie size 22 in. and under, appears low. 'This is btH'aust* 
males only are included in the measurement. The avt'ragt* x’ahu* lound 
for malt* and female eels together was 317 g. As (‘xplaiiu'd t'jirlita', 
however, the female specimens were rejected. As no indix'idiial wt'igh 
iiigs of the migrant short-iinned eels were made, tlu* standard tn'rors 
of the average weights are unknown ; Init assuming similar values of 
those found for the immature eels it would seem |)robal)le tliat tlie 
migrant eels from the 27-30 in. group are signiftcantly lighter than tlie 
immature eels from tlie corresponding size grou})s. 

In regard to the immature eels, the large proportion ol small sizt* 
eels from the Hutt River is perhaps not indicative of the gi‘iK‘ral 
population as these samples were secured by spearing insttxid oi by 
trapping. Considering the wide variations in locality, the \*ariations 
in average weight within each size group (apart from 22in. and under) 
appear small, and with the exception of the heavier short-iinned eels of 
the Hutt River in the size group 23-26 in., as compared with those from 
Foxton Lakes, the differences are not significant, 'rhe awn'age weights 
within each size group of tlie long -finned eels arc also shewn not to xxiry 
significantly within the localities examined. No exact c()in[)arisons can 
be made between size groups of 22 in. and under, since tlu*sc an* ma.de up 
of eels of differing lengths. The average lengtlis of this sizt* gn )up, howi‘V(‘r, 
may be given in inches as follows, the value for tlie short fnined (‘(‘Is 
being the first. Lake Ellesmere 1943, 19.6 -J -j 2.4 ; fliitt 

River 19.0 ± 2.2, 21.0 ± 1.2 ; Foxton Lakes'21.3 ± 0.7 ; 21.5 [ 1.3 ; 
Manawatu River, (long-finned only) 21.0 i 1.6. The distrihution of 
size groups in Table III, shows that in the sliort-finned sp(‘('i(‘s theri* is 
no marked discrimination between mature and imniatnre (*(is. In tlu* 
case of the long-finned species the majority of tlie immature* (‘(*ls are 
shown to occur in the size groups below 39-55 in, which is characteoistic 
of tlie size range of the migrant eels examined in this investigation. 

The distribution of the two species shown in Table ill accords with 
the description given by Cairns (3) and in this coiiTKction it may be 
noted that, with one exception, the eels of the Maiiciwatn Riv(‘r system 
which were taken well inland, belonged to the long-finiKid sin'ides. 

. The Relationship Betw^een Length and Weight of Eels 

The weights of New Zealand eels at different lengths, based on g(*neral 
ccilectioiis have already been given by Cairns (3). ('onpiarisons b(‘tw(F,‘n 
his values and the present are, in general agreement as are those sup- 
plied by Hobbs (6) for Lake Ellesmere. In the case of the long-fnmcd 
migrants from Lake Ellesmere rough weighings of the total weight at 
Lake Ellesmere and subsequent weighings in the laboratory, after a period 
of six months cold storage showeii a loss in weight of ca. 15 ])er cent, 
in accordance with the differences shown in Fig. 2, between Hobb's 
values and the present data. In regard to the short-tinned migrant 
eels, where more adequate precautions were taken, no losses were ob- 
served between field and laboratory weighings, subsecpient to cold 
storage. 


Standard deviation. 
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The material collected from Lake Ellesmere in 1943 was also frozen 
prior to transport to the laboratory for weighing. In all other cases 
tlie weights were determined on live eels. 




4' he curves for short -linned eels show general similarity between 
migrant and immature samples, the weight-length relationship over 
the range 62-82 cm, being conveniently expressed by the equation 
W 33.94 (L — 48.5 cm.), r — +0.975, standard error of the estimate 
+ 80 g. Wliere W ™ weight in g. and L ^ length in cm. Application 
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of the ai)()V(‘ c(iuation to the two largest eels from the Lake Ihlesniere 
collection shovvt'd an eiTor of —11.5 per cent, in the calcnlatcal as 
I'ojnpared witli tlic observed weight. 

hi the case of the long-finned eel, using the data obtaiiu'd in the 
prcstait investigation, two distinct relationships between length and 
weight are shown. Over the range 52-89 crn. the Icnigth-wchght re- 
lationship may be expressed by the equation W == 38.45 (L 43.51 cm.), 
r I 0.995, standard error of the estimate == ^ 62 g. Thereafter 
the waaght inc.reases relatively more rapidly than the lengtii, conforming 
to the capiation W == 187,7 (L — 91 cm.*'-), r — 0.995, standard error 
of ttie estimate 613 g. The long-finned species is thus shown to be 
markedly different from tlie sliort-iinned species both in regal'd to its 
greater weight per unit of length as noted by Cairns (3), but more es- 
pecially in regard to the remarkable change in the length -weigtit re- 
lationship writii the development of the ovary, a process whicli is not 
accompanied by any very marked effect in this connection in the short- 
finned species. The possibility of a relationship between o\'ary develo[)- 
ment and change in the weight -length relationship of tlie long-finncd 
eels is suggested by consideration of the Manawatn Ri\'er samples in 
the 43-47 in. group, comprising six specimens, average weight 4,319 
i 323 g. as compared with a value of 5,150 g. predicted from Idg. 2. 
The value for tlucse Manawatu River eels was excluded from the gra[)h 
because of the relative absence of ovaiy development compared witli eels 
from the other l<jcalities in the size groups above 38 in. Siniilarly tlu‘ 
abnormally high weight (see Table III) for tlie single specimen from 
Lake Ellesmere 1943, in tlie size range 33-37 in. miglrt be associated 
with the greater development of ovary as compared witli tlie otlver 
immature eels within that size range. 

Comparisons between the curves of female hiug-finned immature 
and migrant eels of the same length suggest a loss in weight of tlie order 
of 10 per cent, associated with transformation of the immature eel to 
the migrant. 


Dissection of Eels and Extraction of Oil 

After a period generally not exceeding 4 to 6 months of cold storage 
at 3-5°c., the eels were thaw^ed out and a dissection was made within 
each size group, to separate the following tissues : — head, trunk, 
tail, visceral and liver. The head was severed at the first vertebra, 
and division of the body into trunk and tail was made by a transverse 
cut at the vent. In the case of the trunk and tail portions, the total 
material of the larger eels was too great for convenient handiing, and 
an aliquot was macle by cutting each portion into small pieces, which 
after thorough mixing, were quartered down to a convenient size. 

Bulk samples of corresponding parts of each of the eels within the 
size groups were placed in jars and covered with 95 per cent, alcohol, 
the aicohol being raised to the boiling point in a water bath, and tlie 
heating continued for some 15 minutes. On cooling, the jars were sealed 
and the samples stored (for not longer than two months) to enable 
convenient handling with regard to oil extraction. 


This equation is based on the laboratory weighings which as earlier shown 
are possibly ca, 15 per cent, low because of loss of weight on storage, 
t The term viscera as used in this paper includes all the organs of the visceral 
cavity except liver, ovary and kidney. 
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For the f)urposes of extracting the oil, the samples were dried in a 
vacuum oA'en at ca. 60°c. for at least 24 hours, to remove all traces of 
water. The samples were minced and continuously extracted with 
petroleum ether, B.P. 40-70^, the extract being replaced at intervals 
with fresh solvent. When the extract was colourless, about 10 ml. 
of alcohol were also added to the petroleum ether and extraction again 
continued, until, on addition of fresh solvent, the extract was colourless. 
The oil was recovered from the extract by evaporation of the solvent 
in the usual way, the last traces of solvent being removed in vacuo at 
100"n. The material insoluble in petroleum ether, extracted after 
the addition of the alcohol, was dried in vacuo and added to solid matter 
from the extractor, and the total solids, insoluble in petroleum ether 
were dried to constant weight in a steam oven at 90°c. 

RESULTS 

Proportions of the Dissected Tissues 

Details are given in Appendix 1 of percentages of each of the dis- 
sected tissues for each size group, and for each species. As there were 
inappreciable alterations in the proportions of the dissected tissues 
with size of eel, the figures from each species have been averaged within 
each locality as shown in Table IV bekwv. As the larger sizes of long- 
finned eels contained in some cases appreciable proportions of ovaries, 
the groups containing eels of length greater than 38 in. have been om- 
mitted in calculating average values. 

In both short-finned and long-finned species, the immature eels 
from Foxton Lakes are shown to have heads which are highly signi- 
ficantly larger than those from other localities studied. In the case 
of the short-finned eels, the differences between localities in respect of 
the head size are otherwise insignificant, but in the case of the long- 
ftnned eels, significant differences are to be found between the relatively 
larger heads of the Manawatu eels, as compared with those from the 
Hutt River, and the Lake Ellesmere eels taken in 1944. The Lake 
Ellesmere eels taken in 1943 are showm to have significantly larger heads 
than those from the Hutt River, but not to differ significantly from 
the Lake Ellesmere eels taken during 1944. 

The trunk proportions show considerable uniformity and significant 
differences are observed only in the case of the reduced amount of trunk 
in the long -finned eels of the Manawatu River as compared with those 
from Lake Ellesmere and the Hutt River. The proportion of tail in 
the Hutt River short -finned eels is found to be significantly greater than 
in the case of the Foxton Lakes eels. In the case of the tail portions 
of long-finned, eels, the differences between Lake Ellesmere, 1943, and 
the i\lanawatu River are highly significant, while those betw’een Lake 
Ellesmere, 1943, and the Hutt River are as significant as are the dif- 
ferences between the Foxton Lakes and the Manawatu River samples. 

4Tie results for the percentage viscera are shown to be fairly uniform 
and only in the sample of the Foxton Lakes long-finned eels as com- 
pared with Lake Ellesmere, 1943, is any significant difference observed. 
In botli short -finned and long-finned eels, wide variations are found 
in the proportion of liver. 
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Content of New Zealand Fresh Water Eels 

In the short -finned species the mature eel is shown to contain 3.5 
per cent, by weight of ovary at the time of migration, accompanied b 5 ' 
a highly significant reduction in the proportion of viscera. A similar 
change is also observed in the migrating long-finned eel, but here the 
development of ovary amounting to 10.7 per cent, of the total body 
w^eight is accompanied also by a reduction in head size as well as by a 
highly significant increase in size of liver from 1.00 (iO.OS) to 1.68 per 
cent. (diO.05). The relatively larger size of the liver of the migrant is 
apparently not related to the weight of the fish since immature eels of 
similar size contained approximately the same proportion of liver as 
the smaller eels. McCance (24) has also noted in the case of .4. angnilla 
L.^'^ that the livers of (y^ellow) immature eels comprised 1.5 per cent, 
of the total weight as compared with 2.0 per cent, for the (silver) migrant 
eels. This may be compared with the higher average value of 3.2 per 
cent, found by Edisbury, Lovern and Morton (22) for the same species. 

Comparing the two species, it will be noted that there is a considerable 
overlapping in respect of body proportions. Considering mean v^alues 
and standard errors for the immature specimens, however, the short - 
finned species as compared with the long-finned has a significantly 
smaller head (5.93 per cent. 4i 0.74 as compared with 9.48 per cent. 
4:0.57), a larger proportion of tail (46.14 4: 0.71 as compared with 
41.10 dr 0.96) and a smaller liver (0.82 per cent. 4: 0.06 as compared 
with 1.00 4; 0.05). 


Oil Content of Eels 


No significant differences were observed in oil content of short -finned 
eels within similar size groups, (Appendix 3) so that the combined results 
only are shown in Fig. 3. For similar reasons, the results for long- 
finned eels from Lake Ellesmere and Foxton Lakes have been combined. 
The long-finned eels from the Manaw^atu and Hutt Rivers, however, 
were found to be considerably oilier than those obtained in the other 
localities examined, but not significantly different fi*om each other. 
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Tlie total oil content of eels from these two localities has therefore been 
combined as shown in Fig. 4. For comparative purposes, results ob- 
tained by Lovern (15) for the European eel .4. vulgar is are also shown 
in Fig. 3 (p. 178). ' 



Oil Content of Tissues 

Details of the oil content of head, trunk, tail viscera and livers for 
the various groups of eels examined are given in Appendix 3. The 
main features of these results are illustrated in Figs. 5 and 6. 
In order to compare the oil contents of the ti.ssues of the immature and 
maturing loiig-iinned eels with those of tlie migrants, the data shown 
in the graph have been restricted to the lake eels, since the Manawatu 
and Hutt River eels were distinctly oilier than the former. It may be 
mentioned, however, that in respect of the differences in oil content as 
between the tail, head and trunk, the eels from tlie Manawatu River and 
Hiitt River showed the same general trends as the Lake eels examined. 
The data for the viscera and livers, which were somewhat variable in 
oil- content are not shown in the graph. Since, however, these tissues 
together contribute only 3.5 T; 0,5 per cent, and 3.2 d: 0.7 per cent, 
of the total oil reserves of the long-finned and short-finned species, 
respectiveljN their omission from the graph is unimportant. 
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Relationships Between Percentage Water, Percentage Fat, 
AND Percentage Protein 

Callow (25) has discussed the relationships which exist between per- 
centage water (W), percentage fat (F) and percentage protein (P) in the 
meat of British and American beef animals and has calculated linear 
equations connecting these three variables which, together make up the 
whole of the bone-free carcase, the protein being regarded as equivalent 
to the moisture and fat-free residue. The regression equation connecting 
water and fat content of English beef was found to be as follows : — 

W = 78.4 - 0.808 F (r = -0.99) . . . (1) 

Recent work on New Zealand lamb and mutton carcases showed that 
very similar equations could be applied without serious error to sheep 
of any origin (26). In the present work no attempt was made to sepa- 
rate bone from flesh and the composition of the tissues given in Appendix 
2 are based on the whole carcase, the protein being defined as the fat 
and moisture free residue. The crude protein value determined in 
this way is somewhat high in the case of the head tissues but it is 
believed that the values so obtained for the trunk and tail correspond 
reasonably closely with the total protein determined from the nitrogen 
content x 6.25 as in the case of investigations on lamb and mutton 
carcases. The regression equations for trunk and tail tissues were 
calculated as follows : — 

Short-finned Eels 

Trunk W - 80.17 - 1.073F (r = -0.96) P = 20.35, S.D. ± 129 /. (2) 
Tail W - 78.24 - 0.848 F (r = -0.97) P = 18.71, S.D. ± 1.89 . , . (3) 

Long-filmed Eels 

Trunk W = 79.61 - 0.905 F (r == -0.90), P = 19,56, S.D. A 1.96 . . [4) 
Tail W =- 78.11 - 0.805 F (r - -0,96), P = 17.82, S.D. ±2.14 . . (-5) 

The equations connecting water and fat (oil) in the tail portions 
of eels are shown to be similar to equation . . . {!) for English beef. 
It is possible that the equations for the trunk portions, if calculated 
on a bone free carcase would also give similar values. These results 
ma}^ also be compared with those of Reay, Cutting and She wan (27) 
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for herrings. They record the equation W 80.18 — 0.959 F 
^ In regard to the crude protein they found little 

correlation Avith fat content, which is contrary to Callow's (25) ob- 
seiAAtions on beef but in agreement with our present findings on eels. 
Since the crude protein values are relatively constant (cf. equations 
(2), (3), {4) and (o)) it follows that the changes in the composition of eel 
flesh are largely due to the variations between water and fat (oil) con- 
tent. As, moreover, moisture may be more readily determined than oil, 
regression equations connecting oil content with water have l:>een cal- 
ciiiated with a view" to simplifying the determinations of carcase com- 


position. 

Short-finned Eels 

Trunk Oil - 69.72 ~ 0.863 W (r == -0.962) (6) 

Tail Oil = 88.47 - 1.117 W (r = -0.973) (7) 

Long-finned Eels 

Trunk Oil = 72.53 - 0.889 W (r == -0.897) {8) 

Tail Oil 91.30 - 1.149 W (r - -0.962) (9) 


Discussion 

The increase in oil content of the eel, with size, which has already 
been noted by Lovern (15) for A. vulgaris and by Edisbury, Lovern 
and Morton (22) for A. dieffenbachii, is confirmed by the present results 
for immature eels of both species examined- (see Figs. 3 and 4). The 
oil content of A. vulgaris is shown to exceed that of A. australis com- 
paring samples of the same length. The later maturing A. dieffenbacMi 
w^^as found to contain, in general, less oil than either of the other two 
species at the same length. In this regard, the samples from the Mana- 
watu and Hutt Rivers are shown to differ significantly (see Fig. 4) from 
the samples of the lake eels and to compare favourably in oil content 
with the samples of short-finned eels considered at the same length. 

The increase in oil content with size, however, seems to be a charac- 
teristic of the immature eel only ; the migrating short-finned eel shows 
little, if any, correlation bet ween, size and oil content, while the migrant 
long -finned eel appears to be constant in oil content, irrespective of 
size. In both species, the oil content of the migrant eel corresponds 
approximately to the oil content of the largest size group of the immature 
eel. 

McCance (24) on the basis of the oil content (11.2 per cent, and 
11.4 per cent.) of two groups of yellow immature eels, A. angidlla of 
average weight 103 g. and 193 g., regarded the occurrence of yellow 
eels wfith more than 15 per cent, oil in the muscles, as comprising only 
a very small proportion in the lakes and rivers of Great Britain, He 
further stated in reference to Lovern’s (15) findings regarding the iiicrea.se 
in oil content with the length of the fish, '' Be that as it may, these 
results do not support Lovem’s (15) contention that the amount of fat 
in an eel can be foretold from its length.” The present findings, however, 
in regard to immature New Zealand eels are consistent with LoA'eriTs 
observations, in respect of the European eel. 

In our opinion the two values which McCance gives arc not sufficient 
for any general conclusion to be based on them, and the eels, in any 
ca.se,, appear to be smaller than those on which Lovern based his con- 
tention. It is quite conceivable, moreover, that as shown for A. 
dieffenbachii (see Fig. 4) the later stages of development may be preceded 
by one in which the oil content is reduced as the length increases. 
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In regard to the four groups of migrant (silver) eels, of average 
respective weights, 197, 333, 678, and 1,400 g. which McCance (24) 
examined, his findings of relative constant oil content 26.4 — 29.8 per 
cent.) irrespective of size are quite consistent with our findings for New 
Zealand eels ; these eels approach in oil content the largest size of im- 
mature eel examined by Lovern. 

In considering all these results, however, it must be recognized 
that the oil content of eels, irrespective of size, may vary with the season. 
It is possible, for example, that the oil content of the eel during hiber- 
nation is different from that obtained after a period of active feeding. 
The present results must, therefore, be regarded as referring only to 
eels taken from the localities specified during the months of March and 
April, after a considerable period of active feecling. The results must 
also be considered as generally applicable only to groups of 5 to 10 and 
not to individual eels. 



It is generally recognized that in the growth of animals (cf. Ham- 
mond. (28)) bone reaches a maximum rate of growth first, then muscle 
and lastly fat. In the case of certain fish such as, for example, New 
Zealand ling, (29) only traces (under 0,1 per cent.) of fat (oil) are present, 




183 


The N.Z. Journal of Science and Technology 


(Jan. 


so that in the growth of such fish fat plays no significant part. The present 
iiivestigation shows that the growth of New Zealand eels is not unlike 
that of sheep or pigs in respect of the development of fat and protein. 

Over the size range studied (see Figs. 7 and 8) the oil contents of 
A. austTalis and of A. dieffenhachii have increased respecti\ndy 10 
times and 45 times and the protein 4 times and 15 times. 

The process of maturing of eels over the size ranges studied, may 
thus be regarded as one of differential growth, whereby the weight 
of oil increases with growth of the eel from one third of weight of the 
protein, until the weight of oil approximately equals that of the protein 
as in A. australis or slightly exceeds it as in A. dieffenhachii, i.e. the 
initially faster growing protein has been overtaken by the later 
developing oil. 

In Fig. 7 are included also data concerning 4 . vulgaris using the 
oil content derived from the results of Edisbury, Lovern and Morton, (22) 
and assuming the crude protein content to be similar to that of A. 
mistralis. The migrant short -finned eel in general, showes a greater 
weight of oil than the immature eel of the same lengtli, but is exceeded 
in this respect by the more oily M. vulgaris. Further examination of 
the tissues (see Fig. 9) shows that the greater weight of oil in the short- 
finned migrant as compared with the immature eel of the same length is 
concentrated in the trunk, the tail section actually sliowmg a loss in 
vLUglit of oil in the migrant eel, as compared with tlie immatiue eel 
of the same length. 

The changes in weight of oil, which appear to take place in tlie 
long -finned eels on migrating, are perliaps more pr()f()und. ('omparing 
similar size groups (see Fig. 2) it will be seen tliat the migrant eel is 
lighter than the maturing* eel of tlie same lengtli. Tliis loss in weight 
is consistent with the cessation of feeding which accompanies migration 
and is associated mainly with a change in the weight of oil as might 
be anticipated (see Hammond (28) — theory of differential growth). 
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The latter predicts, that on a sub -maintenance diet the tissues are 
affected in the reverse order of their development, i.e. fat most, muscle 
less and bone least, (See for example Pomeroy (30)). 

In comparing migrant and immature eels of the same length, the 
short -finned and long-finned species examined in this investigation 
showed a general similarity in the loss of weight of oil in the tail section 
of the migrant eel. In regard to the trunk, however, marked differences 
were observed between the two species. The trunk portion of the 
migrant short -finned eel showed a gain in weight of oil as compared 
with the immature eel of the same length, while the migrant long-finned 
eel showed a loss in this connection. This difference in behaviour of 
the oil reserves of the trunk may be associated with the greater develop- 
ment of ovary (see Table IV) in the long-finned eel as compared with 
the short -finned species. 

Considering the tissues separately in respect of oil content, the 
highest concentrations of oil were found in the tail portion, which in the 
short-finned and long-finned species amounted to as much as 35.14 
per cent, and 37.56 per cent, respectively (see Appendi.x 2), In the 
migrant eels the ovaries were found to be the most oily of the tissues, 
containing from 25,7 to 54.5 per cent, oil (see Appendix 2). The uneven 
distribution of oil was earlier shown by Edisbury, Lovern and Morton (22) 
for tw() specimens of A. dieffenbachii, especially in the smaller of the 
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two specimens (1.35 kg.) where the trunk was found to contain 3.5 per 
cent, as compared with 17.3 per cent, oil found in the tail. In this 
connection, these workers state — '' We are unable to account for a 
very low oil content of the trunk (i.e. the fore ])()rti()n of the body, 
inciiiding the visceral cavity) of the smaller eel.'’ The iin[)ortant new 
feature, however, which emerges from the present w'ork is the fatT that 
although the larger immature eels of both species iia\'e similar oil con- 
tents to the migrating eels, the latter are clearly clistinguished from 
the former by the more uniform distribution of their oil content, (ireater 
uniformity in the distribution of oil content of the migrant (‘cl as com- 
pared with the immature or maturing eel of tlie same length is achie\xvi 
in the short-iinned eel by a marked increase (ca. 5 per cent.) in the 
percentage oil in the head and trunk tissues wdth a decrease in the case 
of the larger size groups in the percentage oil in the tail (see Fig. 5). 
In the long-finned eel, greater uniformity in oil content is obtained, 
mainly, by the drop of some 5 per cent, in the percentage oil present in 
the tail of the migrant eel, as compared with the maturing eels of the 
same length, (see Fig. 6) the head and trunk tissues remaining prac- 
tically unaffected. 

The nature of these changes may be observed by considering the 
ratios • percentage oil in tail (T), percentage oil in tail (T). 

percentage oil in head (H), percentage oil in trunk (F). 



— Immature^ 

Maturing eels O 0 

vu/pans Miprarts. x x 

, MT 1947 


The \mlues for T/H and T/F show a general similarity in regard 
to both species, the disparity between the oil content of the tail and 
the trunk being particularly marked in the immature specimens and 
sharply contrasted in this respect with A, vulgaris, the values for which 
har^e been deri^aNi from the data of Edisbury, Lovern and i\lorton (22). 
With the onset of maturity, the value of T/H appears to remain almost 
unaffected, there being no transition observed between the immature 
and migrant ccl (see Fig. 11). . 
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In regard to the T/F values, however, the drop in the ratio with 
increasing length is apparent and the transition in values from the 
maturing eel to the migrant is shown quite clearly in the case of the 
long-finned eel. This suggests that the attainment of more uniform 
distribution of oil in the migrant as compared with the immature eel 
takes place in two stages, the first being the movement of oil from the 
tail to the trunk and the last stage, the movement of oil from the trunk 
to the liead'C The values of T/F and T/H for immature and migrant 
eels are summarized in Table V. 


Percentage Oil Tail Percentage Oil 'I’au. 

— — _ — JiND — — — — - 

Percentage Oil Trunk Percentage Oil Hear 


! 

Immature Eels 


■ants 


Oil Tail (T) 

Oil Tail (T) 

Oil Tail (T) 

Oil Tail (T) 


Oil Trunk (F) 

Oil Head (H) 

Oil Trunk (F) 

1 Oil Head (H) 

. australis 

3.42^0.27* 

2.80 4-0.21 

1.694-0.08 


A . dieffenhachii 

3.29i0.25 

2.54i0.19 ! 

1.47 40.20 

! 1 .47 02 

A . vulgaris 

1.18, 1.03 i 

2.75, 1.72 

— 

1 "" 


Standard error. 


In considering immature specimens of A, dieffeyihachii, eels of 
greater length than 38 in. have been excluded. The values for T/F and 
T/H respectively show that the two species of New Zealand eel are 
indistinguishable on the basis of this characteristic ; however, values 
given for A. vitlgaris, using Edisbury, Lovern and Morton’s data, (22) 
in which the average values are given for the oil contents of two groups 
of eels, comprising respectively 9 specimens of average weight 1 .26 kg. 
and 8 specimens of average weight 1.53 kg. suggest that this eel may 
be differentiated from the New Zealand eels, its lower T/F value de- 
noting an almost uniform distribution of oil as between the trunk and 
tail portions. 


Table VI. Standard Deviations of Ratios T/F and T/H 



Immature Eels | 

Migrants 

1 

T/F 

1 . T/H 

T/F ■ 

T/H. 

A . australis 1 

A. dieffenhachii 

1.06 

1.13 

1 0.84 

1 0.85 

0.13 

0.20 , ■ 

0.19 

0.06 


The changes which take place in the oil reserves of .4. australis, 
with the development of ovaries may thus be regarded as a fall in the 
ratio of T/F and T/H to 0.50 and 0.54 respectively of the average value 
found for immature fish. In the case of H. dieffenhachii, the reduction 
of the T/F \mlue to 0,45 is more marked and the T/H value to 0.58 is 
less marked than in A. australis. In addition to these clianges tliere 
is a considerable reduction in the standard deviation of T/F and T/H 
in the migrating eels as compared with the immature eels (see Table VI), 


* The interpretation of the last stage is somewhat clearer in tlie case of A . 
justrads because ihe proportion of head is fairly constant. In the case of 
A. di>j(tenhachii, however, the interpretation is coinpiicated by the fact 
that tnigration is associated with a considerable reduction in the |>roportion 
of head. 
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This remarkable uniformity in the ratio T/F and T/H for samples of 
migrant eels is stressed in the case of A, dieffenbachii, where each size 
group comprised only two eels and was therefore, subject to the influence 
of individual variation to a much greater extent than the other groups 
where five to ten eels were used. 

In Figs. 13 and 15 the distribution of oil in eels has been expressed in 
the case of each tissue as a percentage of ‘the total oil reserves of the 
fish. For comparison, the relative proportions of these tissues, expressed 
as a percentage of the total body weight are also given (see Figs. 12 and 

14 ). 
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Inspection of Figs. 12, 13, 14 and 15 shows that the liver, viscera, 
trunk and head contribute less oil, while the tail and ovaries contribute 
more oil than would be anticipated from the weights of these tissues, 
expressed as a percentage of the total weight of the fish. 

In the immature short-finned eel the tail was found to amount to 
46 per cent, of the total weight and to contain 75 per cent, of all the oil 
present in the fish. With the onset of maturity, the proportion of 
tail was shown to be not significantly affected, while the oil content 
was reduced to 57 per cent, of the total oil reserves present in the fish. 
In the immature long -finned eel, the tail portion amounted to only 
41 per cent, of the total weight and contained correspondingly less 
(68 per cent.) of the total oil reserves. With the development of the 
ovaries (which were relative^ much larger than those found for the 
short -finned eels) the tail amounted to 37 per cent.'*^' of the total body 
weight, while the spectacular reduction in oil content to 41 per cent, 
of the total oil reserves of the fish indicates that the tendency for the 
oil to concentrate in the tail has almost disappeared. Associated with 
the relative reduction in importance of the tail as an oil reserve, is the 
appearance of the ovary as an important oil depot, accounting for 
approximately 20 per cent, of the total oil reserves in the fish. In 
contrast, the ovaries of the short-finned migrant eel were found to 
contain only 7 per cent, of the total oil reserves. 

In the case of the long-finned eel, the head was found to contain 
progressively less of the total oil reserves as the fish matured, while 
the proportion of total oil reserves in the trunk was found to increase 
during the later stages of maturity. The general increase in the pro- 
portion of the total oil reserves in the trunk in the migrant eel as com- 
pared with the immature eel, was also found for the short -finned species, 
but here, no significant differences were found as between mature and 
immature eels in the proportions of the total oil present in the head. 
Considering the oil content of the tissues as a percentage of the total 
oil present in the eel, it will be seen that (see Table VI) the variability 
of the tissues is much greater in the immature than in the migrant 
eels. 


Table VII. Summary of Standard Errors of Me.\n Values for the Oil 
Content of New Zealand Fresh Water Eels Expressed as a Percentage 
OF THE Total Oil Reserves 



Long-finned Eels 

Short-finned Eels 

Body Tissue 

Immature 

Migrants 

Immature 

Migrants 

Liver 

0.05-0.13 

0.18 

0.06-0.25 

0.01 

Viscera 

().26*-0.92 

0.24 

0.59-1.13 

I.OO* 

Head 

0.61-1.47 

0.26 

0.69-1.18 

0.45 

Trunk 

1.93-4.15 

1.12 

i 1.96-2.86 

0.09 

Tail 

1.90-4.64 

0.82 

1 2.96-4.04 

1 .00 


viscera and ovary. 


* The apparently lower value for the migrant eel is not necessaril}' statisti- 
cally significant, since in 1943 the Lake Ellesmere immature .short-iinned 
eels were found to contain 37.04 per cent. ± 1.44 per cent, of tail, while in 
1944 the value was 41.05 per cent. ±1*^0 per cent. 



189 The N.Z. Journal of Science and Technology (Jana 

Tlie present results afford a basis on which to consider the best 
nietliods for industrial utilization of the New Zealand eel. In regard 
to tlie inunature or non -migrating eels, which are relatively more ex- 
r)erisi\a‘ to catch, it is shown that with increasing size, the possibilities 

roniniercial oil extraction become increasingly fa\'oiirable. !>y 
selecting short-iinned eels of length greater than 27 in. (wliicli a con- 
servative estimate of present data (see Table III) suggests comprise 
not less than 30 per cent, of total numbers, or rather more tlian 50 per 
cent, of the total weight), and again, by selecting the tail portions, 
approximate! 3 ?^ 7() per cent, of the oil originally present in the fish would 
be retained in a highly concentrated form (approximately 23.5 — ^ 29 per 

cent, of the total tissue being oil, as compared with 15 17 per cent. 

in the whole fish. 

Industrial fish (bochfi oils are generally produced from raw materials 
containing less than 25 per cent. oil. Pilchard oil, the main industrial 
fish oil of British Columbia, amounting to some 2 million gallons per 
annum, is produced from fish yielding from 12 to 24 per cent, oil (31). 

In the case of the long-finned eels, the immature eels from Lake 
Ellesmere and Foxton Lakes are less suitable for oil extraction, the 
total oil content of the largest size eels (above 38 in.) amounting to 
18-20 per cent., while the next size groupis (28-32 in. and 33-37 in.) 
contain only 10-12 per cent, oil with 18 per cent, oil in the tail. As 
however, the largest eels probably do not constitute generally the greater 
petit by w^eight of the immature population, it will be appreciattxl that 
tlie opportunities of obtaining material rich in oil from tliis spet'ies, in 
the localities mentioned, are more limited than in the case of the sliort- 
fiiined eels. The possibilities of obtaining useful material for oil ex- 
traction from the long-finned eels from the Manawatu and Hutt Rivers 
would apipear to be greater. All size groups of immature eels above 
27 in. which comprise some 80 per cent, of the total weiglit of the popu- 
lation (see Table III) are shown to contain 16-23 per cent, oil wdth 
20-37 per cent, in the tail. Migrant eels which contain 15-20 per cent, 
of oil irrespective of size and species offer useful material for oil ex- 
traction, but in this case the selection of the tail portions wx)uld obviously 
not be warranted. It is generally considered, ho\¥ever, that eels are 
in their be.st condition as food at the migrating stage (32). Variations 
ill oil Gontent wdth size of fish, as well as the variations in the distri- 
bution of oil, waiiild undoubtedly require consideration in regard to the 
present project for canning eels in New Zealand. In the interests of 
securing a uniform pack in respect of oil content, it may be desirable 
to pay attention to the size of the eel, and to include in each tin portions 
from the tail and trunk, rather than tissues taken from one part of the 
eel only. The importance of paying attention to oil content is empha- 
sized by the fact that fishes such as salmon, herring, pilchards and 
sardines are more satisfactory for canning than are non-oily fish such as 
cod. The question of the production of soft bones in canning is known 
to be related to the temperature and time retorting of the can. From 
experimental evidence, it appears that a soft bone can be produced, 
without softening of the flesh, if the eel is canned soon after catching. 
In this connection, consideration should be given to the transport of 
eels in live condition, using sacks with w^et grass and storage of the eels 
in ponds, in association with the canning factory. 
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The question of sending frozen eels to Great Britain has been con- 
sidered, but so far no market has been established. It is known that 
the London market requires a small size eel, preferably one not ex- 
ceeding 2 lb. in weight. Comparisons between New Zealand eels and eels 
(N. vulgar is) from Great Britain show that the small immature eels 
from New Zealand are likely to be quite different in their properties 
from those obtained in Great Britain, as they contain less than half 
the oil content. IVloreover, in contrast to the British eel, the oil content 
of the New Zealand immature eel is far from evenl}^ distributed as 
between the trunk and tail portions. 

The short -finned eel from Lake Ellesmere which comprises the 
greater proportion of the migrant population, weighs generall}.’' well 
under 2 lb. and approaches the British eel in respect of oil content and 
distribution is more iikel}’ to meet the requirements of the London 
market. It is only in respect of the tail portions of the larger sizes of 
New Zealand eels that the oil content approaches that of the British 
eel, and, in the case of the immature eels, consideration should perhaps 
be given to the possibility of marketing the tail portion of the fish 
separately, with the manufacture of the remainder of the fish into 
poultry meal or fertilizer. Consideration should be given to the removal 
of the last two or three inches of the tail which is mainly fin and verte- 
brae, with practically no edible quantity of fish. 

Much could be said in regard to the nutritive value of eels, which 
afford food with a similar protein value to that of beef but with a higher 
calorific value. The eel by virtue of its vitamin A and I) content, offers 
the combined food values of butter and beef. Final considerations 
of the value of the eel and the best method of utilization are, however, 
dependent on further investigations of the vitamin A and D content, 
and the methods for oil extraction and for canning. 
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Appendices 
appendix 1. 

The Proportions of the Dissected Tissues Expressed as a Percentage 
OF the Total Weight 

Short-finned Eels 22 in. and under. 


Body Tissue 

Hutt 

River 

(1943) 

Foxton 

Lakes 

(1943) 

Lake 

Ellesmere 

(1943) 

Lake 

Ellesmere 

(1944) 


Liver 

0.93 

0.51 

0.93 1 

0.69 


Viscera 

2.93 

3.35 

4.42 

4.61 


Head 

4.56 

6.83 

6.32 

6.31 


Trunk 

41,41 

42.34 

43.11 

45.19 


Tail 

50.17 

46.97 

45.22 

43.20 



Short-finned Eels 23 in. - 26 in. 


Body Tissue 

Hutt 

River 

(1943) 

Foxton 

Lakes 

(1943) 

Lake 

Ellesmere 

(1943) 

Lake 

Ellesmere 

(1944) 

Migrants 

Lake 

Ellesmere 

(1942) 

Liver 

1.13 

0.61 

0.84 1 

0.72 

0.9 

Viscera 

3.59 

3.38 

3.93 I 

5.12 

1.0 

Head 

4.06 

8.19 

4.22 

4.80 1 

4.8 

Trunk 

42.87 

44.31 

44.56 

43.59 

44.2 

Tail 

48.35 

43.51 

46.45 

45.77 

46.1 

3. Of 


f Includes ovary . 


Short-finned Eels 27 in. - 30 in. 



Immature specimens 

Migrants 

Body Tissue 

Hutt 

Foxton 

Lake 

Lake 

Lake 


River 

Lakes 

Ellesmere 

Ellesmere 

Ellesmere . 


(1943) 

(1943) 

(1943) 

(1944) 

(1942) 

Liver 

1.15 

0.53* 

0.90 

0.63 

0.9 

Viscera 

3.85 

4.23 

5.09 

4.78 

4. St 

Head 

3.84 

12.56 

5.10 

5.16 

4.1 

Trunk 

41.68 

42.37 

42.45 

42.85 

45.7 

Tail 

49.48 

40.31 

46.46 

46.58 

44.5 

Recalculated from dry matter. 

t Includes ovary. 


Short-finned Eels 31 in. - 34 in. 






Immature specimens 

Migrants 


Bod V Tissue 

Foxton 

Lake 

Lake 

Lake 



Lakes 

Ellesmere 

Ellesmere 

Ellesmere 



(1943) 

(1943) 

(1944) 

(1942) 


Liver' „■ 

0.53 

1.06 

0 .83 

1.1 


Viscera' ' 

5:. 47 

7.21 

5.83 

1.2'V^ ■ ■ 


..Head., 

L 11.77 L 

3.52 

3,90 

5.6 


Trunk 

38.60 

42.64 

42.35 

- 42.0: 


.■ 'TalL 

43.63 

45,57 

47.09 

46.1 






4. Of 



t Includes ovary. 
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Apfknbix 1 — Continued 


Long-iinned lu'ls 22 in. a.nd under. 



Manawatu 

FI utt 

. Foxton 

1 .alve 

Body Tissue 

River 

River 

1 .akes 

IBlesniere 


(1943) 

(1943) 

(1943) 

( 1 943) 

Liver 

0 .94 

1 .05 

0.67 

1.07 

X'iseera 

4.02 

4.79 

4 . 63 

6.01 

Hend 

9 . SO 

5.29 

13.61 

6.34 

'rrunk 

35.40 

41 .47 

39.65 

46.17 

Tail 

50.14 

47.40 

41 .44 

40.41 

Loiig-finiU'd Eel; 

^ 23 in. - 27 in 




i 

Manawatu 

I' H utt 

! Foxton 

l.ake 

Body 'fissile 

IHver 

1 Fiver 

i 1 .akes 

Ellesmere 


(1943) 

(1943) 

(1943) 

( 1 943) 

Liver 

1 .01 

1.14 

0.93 

1 .02 

\dscera 

5 . 37 

6.27 

4.24 

7.16 

Head 

10. (L5 

7.19 

12.91 

10.90 

Trunk 

38.29 

41 .55 

44,94 

44.28 

Tail 

1 44.68 

1 

43,85 

36.98 

36 . 64 


Long- finned Eels 28 in. - 32 in. 



Man aw-atu 

Hutt 

Foxton 

1 vake 

Ifody '['issue 

River 

River 

laikes 

Ellesmere 


(1943) 

(1943) 

(1943) 

(1943) 

Liver 

0.96 

1 .32 

1.50''* 

1 .01 

'Viscera 

5 .02 

6.24 

4.34 

5 . 55 

Head 

9.97 

9.50 

12.56 

10.42 

Trunk 

40.62 

42.61 1 

40.05 

46.98 

Tail 

43.43 

40.33 

4 1 .55 

36 , 04 


Recaiciilated from dry matter. 


l.oiig-finned Eels 33 in . - 37 in . 


Bod\' Tissue 

Manawatu 

River 

(1943) 

Hutt 

River 

(1943) 

F oxton 
Lakes 

(1943) 

Lake 

lillesmere 

(1943) 

..Liver- 

1. 17* 

1.20 

0.82 

1 .05 

Viscerci 

6.62 

4.73 

! 5.91 

5.97 

..-'.-Flead , 

10.61 1 

7.71 

12.75 

8,65 

Trunk.' 

42. .26- 

45.24 

44.01 

46.78 

■'■.■Tail..-, 

39.34 

41.12 

36 .51 

34.98 

2.57t 


Recakuiated from dry matter. f include.s ovai‘y. 


Long- tinned Eels 38 in. - 42 in. 


Body Tissue 


Liver 

Viscera 

1"1 ead 

Trunk 

Tail 

Ovarv 


j Manawatu 
! River 
I (1943) 

! i .05 

I 5.87 

; 10.41 

i 40.00 
i 42.67 


Hutt 

River 

(1943) 

0.98 

3.86 

6.04 

43.00 

44.01 
2.11 


Lake 

Ellesmere 

(1943) 

1 .28 
7.06 
5.27 

■ v: 49.27 .... .1 
37.12 


Lake 

ITlesnu're 

(1944) 

0.91 

7.07 

9.63 

43,32 , 
39.07 i 


(Jan. 


Lake 

llesnieix' 

( 1944 ) 

0 . 80 
4 . 58 
(> . 36 
43 . 28 
44 . 98 


Lake 

I’Mlesirieii' 

(1944) 

0.74 
4 , 6 1 
6.25 
44.20 
44.20 


Lak(^ 

IHlesnuu'i' 

(1944) 

0.90 
6 . 32 
6 . 3(i 
44 . 1 1 
42.31 


laike 

ICllesinere 

(1944) 

0.59 
5.47 
10.93 
47.32 
35 .69 
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Long-finned Eels, 



43 in. -4 7 in. 

48 in . 

-52 in . 


Bod \’ Tissue 

Manawatii 

Foxton 

Lake 



Kiver 

Lakes 

Ellesmere 



(1943) 

(1943) 

(1944) 


I dver 

1.07 

1.39 

1.01 I 


Viscera 

1 6 . 84 

1.23 

2.29 


Head 

13.38 

6.98 

j 7.65 


Trunk 

40.77 

45.30 

1 42.14 


Tail 

37.94 

38.90 

43.40 


Ovary 


6.20 

3.51 



Long-finned Eels. Lake Ellesmere, 1942. (Migrant eels). 


Lengthen.) 

Liver 

Viscera 

Head 

Trank 

Tail 

Ovary 

39-42 

1.9 

1.4 

5.4 

39 .6 

40.3 

11.4 

45-46 ’ 

1 .6 

2.8 

6.6 

43.1 

37.4 

8.5 

49-51 

1.6 

1.7 

5.3 

45.6 

34.5 

11.3 

53-55 

i 1.6 

2.2 

i 4.7 

44.2 

35.6 

il .7 

1 


APPENDIX 2. 

Percentage Crude Protein, Water and Oil of New Zealand Eels 


Short-finned Eels 



Head 

Trunk 

Tail 

Locality 

Size 

(Inches) 

Pro- 

tein 

Water 

Oil 

Pro- 

tein 

Water 

Oil 

Pro-' 

tein 

\Vat(‘r 

Oil 

Unit River, 194:1. 

22 and 

;10.30 

64.64 

5.06 

23.41 

73.32 

3.27 

19.86 

68.70 

H.44 

(EnuiiJiturc) 

under 





75.43 

. '4.42 




23-26 

26.20 

68.39 

5.41 

20.15 

22.68 

61., 52 

15.80 


27-30 

23.89 

f)8.:i8 

7777 

18.69 

73.86 

',7.45 

17.16 

59 . 59 

23,25 

Lake RlU^sineia*. 

22 and 

25 . 52 

70. 

4.14 

18.78 

80,04 

1.18 

18.03 

76.84 

5.13 

1944. 

under 










(linniature) 

23-26 

25.93 

68.04 

6.03 

19.59 

77.32 

3.09 

18.19 

62.02 

19.79 

27-30 

21.61 

71.16 

7,23 

21.16 

70.96 

7.88 

1 6 . 07 

.55.79 

37 24 


31 ami 

20.07 

69.68 

10.25 

20.14 

67,69 

12.17 

16.76 

48. 10 

:}r>.T4 


ov(‘r 










Roxt'Oii Lakes. i 

22 and 

25. :n 

69. 18 

5.51" 

20.48 1 

75.80 

3.72 

19.83 


16.40 

194:1. 

under 


1 ' . ■ 




1 


■ j 


(lintuarnre) ; 

23-26 

23.08 

70.:B2 

6.60 

20.29 

74.16 

5 . 55 

21.21 

64 . 85 

13.94 

: 27-:iO 

21.15 

74.:B3 

4.52 

18.61 

76.43 

4.96 

1 18.38 . 

60.71 

20.91 


1 31 and 

j over ! 

20 . 66 

71.11 

8.23 

19.99 

1 

71 .02 

8.99 

j 15.54 

i : 

55.80 

28.66 

Lak(‘ Rlli'sniere, 

1 23-26 : 

25 . 1 

60.7 i 

14.2 

21.7 

67.0 

11.3 

; 20.0 

■ 60.9 

' 19.1 

1942. 

; 27-;io 

25.4 

62.2 ! 

12.4 

20.9 

67.4 

11.7 

18.9 

1 59.8 

I 21. :b 

(Migrants) 

1 31-34 

23.4 

60.8 

15.8 

■21.0 

64.1 

14.9 

j 18.4 

1 58.3 

2;i.3 
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Appen dix Z — C ontinucd 


Long-finned Eels 



Head 

Trunk 



T'; 

il 



Locality 

Size 

(iiK'hes) 

Pro- 

tein 

Water 

Oil 

Pi 

te 

11 

W at('r 

Oil 

Frn- 

teiii 

\^'ater 

Oil 

Hurt KiviT. in4:L 

22 ami 

24. 

92 

68. 

86 

6. 

22 

20. 

70 

72 

1 1 

7 

19 

17 

n’J 

73 

28 

9 

•20 

(Immature) 

imder 















59 

18 



•23 27 

■L5 

28 

67 

96 

6 

76 

16 

80 

V / 

11 

6 

09 

15 

12 


70 


•2S - 32 

30 

50 

63 

15 

6 

35 

19 

05 

76 

14 

4 

81 

16 

68 

64 

74 

18 

58 , 


33 37 

9A 

•30 

69 

38 

8 

32 

18 

j22 

73 

46 

8 

32 

17 

57 

58 

13 

24 

30 


38^ 42 

24 

70 

64 

96 

III 

34 

17 

39 

63 

99 

IS 

62 

13 

82 


46 

30 

72 

Lake ElU'snu'i't', 

22 ami 

22 

39 

71 

28 

6 

33 

IS 

85 

76 

63 

4 

52 

18 

43 

60 

76 

20 

81 

1944. 

iiiuler 



















(Immatviiad 

23 27 

23 

58 

70 

46 

5 

96 

19 

63 

77 

13 

3 

24 

18 

,)2 

67 

60 

13 

88 

28-32 

23 

70 

70 

49 

5 

81 

21 

-17 

72 

85 

5 

68 

22 

00 

65 

29 

12 

71 


33-37 

24 

44 

68 

83 

6 

73 

20 

06 

72 

11 

7 

83 

16 

17 

65 

67 

18 

16 


38-42 

21 

85 

68 

70 

9 

45 

19 

56 

69 

89 

10 

;>;> 

15 

97 

.T4 

79 

29 

24 


48-52 

18 

67 

71 

02 

10 

31 

18 

41 

66 

41 

15 

18 

14 

72 

m> 

23 

30 

05 

MaTiawatu Hiver, 

22 ami 

21 

11 

74 

08 

4 

81 

21 

80 

75 

24 

•) 

96 

18 

83 

69 

02 

12 

15 

1943. 

under 



















(Iniiiiatiire) 

23-27 

19 

35 

72 

00 

8 

65 

22. 

05 

68 

60 

9 

29 

17 

08 

62 

55 

20 

37 

28-32 

17 

82 

73 

59 

8 

50 

16. 

43 

76 

41 

7 

16 

17 

73 

44 

71 

37 

56 


33-37 

21 

58 

68 

72 

9 

70 

18. 

01 

71 

09 

10 

90 

16 

29 

56 

30 

27 

41 


38-42 

21 

, 19 

66, 

.24 

12 

, 57 

15. 

98 

68 

11 

15 

91 

15 

35 

51 

. 85 

32 

80 


43-47 

20 

.07 

69 

.41 

10 

.52 

17, 

80 

70 

09 

12 

11 

19 

81,) 

60 

.05 

20 

15 

Foxton Lakes, 

22 and 

24, 

.78 i 

69 

.86 

5 

.36 

21. 



93 

73 

92 

4 

15 

20 

SO 

67 

.80 

11 , 

40 

1943. 

under 



















(Immature) 

23-27 

25 

.24 

69 

.19 

5 

.57 

22, 

39 

74 

45 

3, 

16 

20 

79 

66 

.72 

12, 

49 

28-32 

29 

.68 

64 

.19 

6 

.13 

17 

62 

79 

14 

3 

24 

20 

10 

64 

. 14 

1,5 

70 


33-37 

23 

.64 

69 

. 55 

6 

.81 

22 

61 

70 

35 

7 

04 

IS 

90 

59 

. 15 

21 

95 


48-52 

19 

.31 

66 

.68 

14 

.01 

19 

7) 

66 

12 

14 

17 

14 

92 

64: 

. 56 

20 

52 

Lake Ellesineiay 

39-42 

21 

.6 

66 

.0 

12 

.4 

21 

7 

64 

7 

13 

6 

•20 

3 

61 

>> 

18 

5 

1942. 

45-46 

21 

.4 

65 

.8 

12 

.8 

21 

6 

63 

5 

1 4 

9 

19 

1 

62 

.3 

18 

6 

(Mlgrant.s) 

49-51 

21 

2 

64 

.8 

14 

.0 

HI 

5 

69 

0 

11 

5 

19 

2 

60 

.8 

21,1 

0 


53-55 

20 

!8 

65 

.8 

13 

.4 

19 

3 

67 

7 

13 

.0 

17 

7 

62 

.3 

20 

0 


Composition of Ovari:i:.s 


Long-finned Eels 



Size 

(Inches) 

Per Cent. 





Locality' 

Whole 

Fish 

Protein 

Water 

Oil 


Lake Ellesmere 

33-37 

2.57 

10.53 

58.59 

30.88 

hn mature 

1943 







Lake Ellesmere 

4S-52 

3.61 

9.67 

40.88 

49.45 


1944 







Hiitt River 

38-42 

2.11 

7.00 

38.47 

54.53 


1943 







Foxton Lakes 

1 48-52 

6.20 

11.16 

46.41 

42.43 


1943 




i 


Lake Ellesmere i 
1942 i 

39-42 

11.4 

15.4 

55 . 8 

,28.8 

,M,igrants 


45-46 

8.5 

13.5 

51.8 

34,7 

, ■ »» 


49-51 ■ ■ 

11.3 

14.3 

56.1 

29.6, ' ■ i 

' ■ »>, ' 


53-5.5 

11.7 

16.3 

51.3 

32,4 .. . ', 

■ : ,, , 


Short-finned Eels 



( 

i Size 
(inches) 

Per Cent. 



. 



Locality 

Whole 

Fish,„"M 

Protein 

Water 

Oil 


Lake Elle.smere ■ 
1942 i 

23-26 

■ 3.0" . 

i, , ' ' 

10.6 

64.7 

24.7 

Migrants 


31-34 ; 

4.0 

10.4 

50.6 

39.0 
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Content of New Zealand Fresh Water Eels 

APPENDIX 3. 

Percentage Oil in Tissues of New Zealand Fresh Water Eels 


(fi) Short-finned Eels. 
22 in, and under. 


Body 

Tissue 

Hutt 

River 

(1943) 

Foxton 

Lakes 

(1943) 

Lake 

Ellesmere 

(1943) 

Lake 

Ellesmere 

(1944) 

Mean Value 
and 

Std. Error 

Liver 

5 . 38 

1.57 

7.14 

5.76 

4.96il.37 

Viscera 

3.93 

6.27 

9.55 

2.73 

5. 62 -f 1.30 

Head 

5.06 

5.51 

4.56 

4.14 

4.82H-0.36 

Trunk 

3.27 

3.72 

4.43 

1.18 

3.15-L0.70 

Tail 

1 1 .44 

16.40 1 

11.25 

5.13 

11.06±2.30 

Total 

7.49 

9.87 

7.78 i 

3.18 

7.08:P1.40 


23 in. - 26 in. 



Immature eels 

Migrants 

Body 

Tissue 

Hutt 

Foxton 

Lake 

Lake 

Mean Value 

Lake 

River 

Lakes 

Ellesmere 

Ellesmere 

and 

Ellesmere 


(1943) 

(1943) 

(1943) 

(1944) 

Std. Error 

(1942) 

Liver 

5.21 

3.60 

7.10 

4.83 

5.19dr0.72 

6.5 

Viscera 

1.14 

9.13 

9.73 

2.37 

5.59±2.09 

24. 7t 
11.8^ 

Head 

5.41 

6.60 

8.33 

6,03 

I 6. 59 44). 63 

14.2 

Trunk 

4.42 * 

5.55 

5.90 

3.09 

4. 74 ±0.80 

11.3 

Tail 

15.80 I 

13.94 

19.24 i 

19.79 

17.194-1.40 

19.1 

Total 

9.85 

9.40 

12.35 

10.85 

10.61±0.67 

15.4 


viscera. t ovary. 


27 in . - 30 in . 


Body 

Tissue 

Immature eels 

Migrants 

Lake 

Ellesmere 

(1942) 

Hutt 

River 

(1943) 

Foxton 

Lakes 

(1943) 

Lake 

Ellesmere 

(1943) 

Lake 

Ellesmere 

(1944) 

Mean Value 
and 

Std. Error 

Liver 

5.38 

4.26 

' 7.56 

4.00 

5.30±0.81 

4.9 

Viscera 

7.64 

5.28 

13.78 

6,01 

8.18±1.93 

20. 4*^ 

Head 

7.77 

4.52 

10.99 

7.23 

7.63±1.33 

12.4 

Trunk 

7.45 

1 4,96 

! 11.59 

7.88 

, 7.97±1.37 

11.7 

Tail 

23.25 

. 20.91 

i 22.80 i 

27.24 

1 23.55^1.33 

21.3 

Total 

15.26 

1 11.34 

16.85 

16.76 

15.05±1.29 

1 16.4 


* viscera. 


31, in. - 34 in. 


Body 

Tissue 

Immature eels 

Mig:rants 

Lake 
Ellesmere 
; (1942) 

Foxton 

Lakes 

(1943) 

Lake 

Ellesmei*e 

(1943) 

Lake 
Ellesmere 
(1944) ! 

Mean Value 
and 

Std. Error 

Liver 

7.04 

10.43 ^ 

i 5,53 “a 

. 7.67±1..44 1 

8.0 

Viscera 

8.19 

15.01 ' 

5.89 

9.70±2.74 

33.7* 

Head 

8.23: 

10.59 

10.25 

9. 69 ±0.74: 

15.8 

Trunk 


1 10.80 

12.17 

10.65±0.92 ' 

14.9 

Tail 

28.66 

l:22., 25:. 

35.14 

28.68±3.18 

: 23.3 

Total 


16.42 

16.71 

16. 86 ±0.30 

19.7 


* viscera. 
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Appendix 3 — Continued 


ib) Liiui,-fr,iiud luds. 

Imniatiire (h^Is 22 in. and under. 


I::l0dy 

Alamo 

watu 

Hutt 

Mean 

Value 

Foxtoii 

l..akes 

Lake 

Idles- 

Lake 

ILTles- 

.ALsui X’aliie 
and 

tissue 

River 

(194:i) 

(1943) 

(Rivers) 

(1943) 

mere 

(1943) 

mere 

(1944) 

Sid. IsiTor 
(Lakes) 

Liver 

4.39 

4.45 

4.42 

12.10 

3 . 54 

3 . 53 

6 . 39 ; 2 . 84 

X'iscera 

5.68 

5.07 

5.38 

8.63 

2 29 

3 . 98 

4.97 i 1 .88 

Head 

4.81 

6.22 

5.52 

5.36 

8.31 

6 . 33 

5.67 L 1 .12 

'I'nink 

2.96 

7.19 

5.08 

4.15 

2 . 52 

4.52 

3.73 ! 0.61 

Tail 

12.15 

9.20 

10.68 

11.40 

7.55 

20.81 

13.25 1 3.89 

'Total 

7.87 

1 7.95 

7.91 

7 . 58 

1 4.92 

1 1 . 93 

8. 14 i 2.04 


immature eels 23 in. - 27 in. 


I3ody 

Tissue 

Mana- 

watu 

River 

(1943) 

H Lltt 
River 
(1943) 

Mean 

Value 

(Rivers) 

!'' ox ton 

1 vakes 

(1943) 

ludve 

Elles- 

mere 

(1943) 

l.ake 
Klles- 
, mere 
(1944) 

Mean Value 
and 

Std. ICrror 
( Lakes) 

Liver 

7.21 

6.33 

6.77 

6.19 

3.66 

6.48 

5.41 f 0.89 

Viscera 

3.63 

5.24 

4.44 

4.81 

2.81 

3.03 

3.55 1 0.(i3 

Head 

8 . 65 

6.76 

7.70 

5.57 

5,13 

5.96 

5.55! 0.24 

'Trimk 

9.29 

6.09 

7.69 

3.16 

3.(30 

i 3.24 

3.33 1 0.13 

'Tail 

20.37 

25.70 

23.04 

12.49 

8.25 

1 13.88 

11.54 1 1 .(39 

Total 

i 13.85 

14.71 

1 14.28 

7.02 

5.41 

i 8.13 

6.85 j 0.79 


immature eels 28 in. - 32 in, 


Bod)' 

Tissue 

Man a- 1 

watu 

River 

; (1943) 1 

Hutt 

River 

(1943) 

Mean 

Value 

(Rivens) 

T'oxton 

Lakes 

(1943) 

j Lakt‘ ' 
1 Elles- 
mere 
(1943) i 

. Lake 
Ivlles- 
mere 
(1944) 

Me'an Value 
a.nd 

Std. Ri'ror 
( l.akes) 

Liver 

7.09 

3.(37 

5.38 

2 . 18 

4.52 

4 . 90 

3.87 1 0.85 

\Tscera 

1 11.33 

5 . 68 

8 . 50 ' 

5.09 

4.91 

2 . 58 

4. 19 j 0.81 

Head 

1 8.59 

6.35 

7.47 

6.13 

8.15 

5.81 

6.70 1 0.74 

Trunk 

7.16 

4.81 

5.99 

3.24 

5.37 

5 . 68 

4.76 1 0.77 

Tail 

1 37.56 

18.58 

28.07 

15.76 

26.04 

12.71 

18.17-! 4.04 

Total 

1 20.70 

10 .54 

15.62 

8.87 

13.21 

8.49 

10. 19 1 1 .52 


Immature eels 33 in. - 37 in. 


Body 

Tissue 

Mana- 

watu 

River 

(1943) 

Hutt 

River 

(1943) 

Mean 

Value 

(Rivers) 

F oxton 
Lakes 
(1943) 

Lake 

Elles- 

mere 

(1943) 

l/dke 
, Elles- 
mere 
(1944) 

Mean VTdue 
and 

Std. Id-ror 
(Lakes) 

Liver 

19.81 

5.73 

12,77 

6.94 

3.54 

8.67 

6. 38 -FI .51 

Viscera 

13.30 

9.24 1 

11.27 

2.76 i 

2.54t 

2.44 

2.58 TO JO 

Head 

9.7(3 

f ' 8. 32. ' 

9.01 

6.81 

10.91 

6.73 

8.15 ) 1 .38' 

Trunk 

10.90 

8.32 

9.61 

7.04 

9.82 

7.83 

8.23 fO. 83 

Tail 

, ■27.41 

24.30 

25.86 

1 21.95 

12.32 

18.16 

17.48 ] 2.56 

I'otal 

L 17.32 

14.90 

16.11 

1 12,20 

1 10.82 

11.10 

1 11.37 1 0.54 


t ovary 30.88 ptu' ctml. oil. 


Immatuim eels 38 in. - 42 in. 



.Manawatii 

Hutt 

Mean 

Lake 

l.akc 1 

Mean 


River 

River 

Value 

Ellesmere 

FUesmere i 

Value 


(1943) 

(1943) 

(Rivers) 

(1943) 

(1944) 1 

(Lakes) 

Liver 

13.01 

7.41 

10.21 

9.62 

6.(i0 

8.11 

V'iscera 

17.44 

8.77 

13.10 

3,27 

12.58 

7.92 

( >var\' 

— 

54.53 

1 — - i 

T ■ 

■ . 1 


Head 

12.57 

10.34 

i 11.46 

■ 13.67 

9.45 1 

H.56 

Trunk 

15. 9i i 

18.62 

i : :i7.27' - ■ 

TT 15.41 

10.55 

12.98 

Tail 

32.80 

30.72 

i 31.76 

24.98 

1 29,24 i 

27.11 

Total 

22.84 

23.71 

T '23v28TT- 

17.94 

! 17. 86 

17.90 



198 


1948) Shorland and Russell— Observations on the Oil 

Content of New Zealand Fresh Water Eels 


Appendix 3 — Continued 

iDinatiire eels. 


Body 

1' issue 

„ i 

43in.-47in. | 

Manawatii 
River 
(1943) i 

48 in. 

- o2 in. 

1 

Mean ! 

Value 
(Lakes) 

1 

Foxton 

Lakes 

(1943) 

Lake 

Ellesmere 

(1944) 

Liver 

10.44 ' 

18.42 

7.53 

12.98 i 

X'i.scora 

21.57 

7.72 

9.01 

8.37 1 

( )var\' 


42.23 

49.45 

45.84 i 

Head’ 

10.52 

14.01 

10,31 

12.16 1 

'rrunk 

12.11 

14.17 

15.18 

14.68 i 

'i'ail 

20.15 

20.52 

30.05 

25.28 

T{)tai 

15.58 

17.97 

21.87 

19.92 


Migrant Eels, l.ake Ellesmere. 1942. 



Size 

39 in. -42 in. 

Size 

45 in .-46 in. 

Size i 

49 in. -51 in. 

Size 

53 in. -55 in. 

Mean and 
Std. Error 

l,J.ver 

Viscera and 

20.8 

16.7 

7.7 

9.3 

13.6-3.10 

Ovar^■ 

28.8 

34.7 

29.6 

32.4 

31.4 + 1.30 

Head 

12.4 

12.8 

14.0 

13.4 

13.2+0.35 

I’rimk 

13.6 

14.9 

11.5 

13.0 

13.3+0.71 

'Fail 

18.5 

18.6 

20.0 

20.0 

19.3+0.42 

'total 

17.4 

17.8 

16.6 

17.8 

17.4+0.29 


APPENDIX 4. 


Distribution of Oil in 'J'issues of New Zealand Fresh Water Eels 
(expressed as a percentage of the total oil) . 


(//) Short-finned Eels. 


lininature eels 22 in. and under. 


Body 

Tissue 

Hutt 

River 

(1943) 

Foxton 
Lakes 
, (1943) 

Lake 

Ellesmere 

(1943) 

Lake 

Ellesmere 

(1944) 

Mean Value 
and 

Std . Error 

Liver 

0.7 

0 . 1 

0.9 

1.3 

0.8+0.25 

Viscera 

1.5 

2.1 

5.4 

4.0 

3.2+0.89 

Head 

3.1 

3.8 

3.7 

8.2 

4.7 + 1.18 

i'runk 

18.1 

16.0 

24.6 

16.8 

18.9+1.96 

'Fail 

76.6 

78.0 

65.4 

1 69.7 

72.4+2.96 


Innnalure eels 23 in. - 26 in. 


i'iody 

'tissue 

Hutt 

River 

(1943) 

Foxton 

Lakes 

(1943) 

Lake 

Ellesmere 

(1943) 

l.wake 

Ellesmere 

(1944) 

.Mean Value 
and 

Std. Error 

1 .Migrants 

1 ..l:,.ake 

1 Ellesinere 
i (1942) 

I aver 

0.6 

0.2 

0.5 

0.3 

0.4-i 0.09 

0.4 

Vi.scera 

0.:4 

' (3. 3 ■■■ , 

3.1 

1 ,2 , 

2.0 + 0.71 

i 0.8"= 

5.0t 

Mead : 

2,2 ' 

5.8"-" 1 

2.8 i 

2.6 

3.41-0.82 

i 4.4 , ■ 

Trunk 

19/2 

26.2 

21.3 

12,4 

19.84 2. 8(S 

; 32.4 

Tail 

' 77.6 

' y:64:.5/.,, 

72.3 

83.5 

74. 5 n 4.04 

1 57.0 


viscera. ovary. 
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Imniat lire eels 27 in . - 30 in . 


Body 

'I'issut' 

. 

Hutt 

River 

(1943) 

Foxtoii 

Lakes 

(1943) 

Lake 

Ellesmere 

(1943) 

I.ake 

Ellesmere 

(1944) 

Mean Value 
and 

Std. Icrror 

Migrants 

l.nke 

IHlesnuu’e 

(1942) 

I.d,ver 

0.4 

0.2 

0.4 * 

0.2 

0.3 i 0.06 

0 .3 

Viscera, 

1 1.9 

2.0 

4.2 

1 .7 

2.51 0.59 

6. Of 

Head 

2.0 

5.0 

3.3 

2.2 

3.1] 0.69 

3 . 1 

'rnmk 

20.3 

18.5 

29.2 

20.2 

22.1 T-2 .42 

32.6 

Tail 

75.4 

74,3 

62.9 

75.7 

72.0;J:3.00 

5S.0 


t ovary. 


Immature eels 31 in. - 34 in. 


Hod}' 

Tissue 

, Foxton 

Lakes 
(1943) 

Lake 

Fdlesmere ! 
(1943) 

Lake 

Ellesmere 

(1944) 

Mean Value 
and 

Std. Error 

Migrants 

I xike 
ICllesmere 

1 (1942) 

Liver 

0.2 

0.5 

0.2 

0.3+0.10 

0.4 

Viscera 

2.6 

5.3 

1.5 

3.2 + 1.13 

1.0 






1 7.91- 

Head i 

5.6 1 

2.5 

1.8 

3.2 r 1.17 

4.5 

ITaink 

19.9 

27.8 

22.9 

23.5+2.30 

31 .7 

Tail 

71 .7 1 

63.9 

73.6 

69.8 + 3.00 I 

54 . 5 


t ovarv'. 


Migrant eels, l.ake Ellesmere, 1942. 



Liver 



1 Viscera and 

1 Ovary 

Head 

'1' runic 

'I'ail 

Av. 

0.4 

1 6,9 

4.0 

32.2 

; 56 . 5 

S.D. 

0.02 

! 1.74 

0.78 

0.15 

i 1.80 

S.E; 

0.01 

j 1 .00 1 

0.45 

0.09 

1 .00 


(h) Long-finned Eels. 


Immature, eels 22 in. and under. 


Body 

Tissue 

Mana- 

watn 

River 

(1943) 

Hutt 

River 

(1943) 

Mean 

Value 

(Rivers) 

Foxton 

Lakes 

(1943) 

Lake 

Elles- 

mere 

(1943) 

Lake 

Elles- 

mere 

(1944) 

Mean 

Value 

(I-akes) 

Mean Value 
and Std. 
Error of 
all samples 

Liver 
Viscera: 
Head ^ 
.Trunk 
Tail 

':0.5 
" ,2.9 
- 5.8 

13.4 

77.4 

0.5 

3.0 

4.1 
37.5 
v54,9 

0.5 

3.0 

4.9 

25.5 

66,1 

1.0 

5.2 

9.6 

21.8 

62,4 

0.7 

2.8 

10.8 

23.6 

62.0 

0.2 

1.5 

3.4 

16.4 

78.5 

0.6 

3.2 

8.0 

20.6 

67.6 

0.6 90.13 
3.1 40.60 
6.8-11.47 
22.5 + 4.15 
67.0 + 4.64 

Iminatnrc eels 23 in. - 27 in. 

Bod}' 

Tissue 

iMana- 

watu 

River 

(1943) 

Flutt 

River 

(1943) 

Mean 

Value 

(Rivers) 

Foxton 

Lakes 

(1943) 

' 

Lake 

Elles- 

mere 

(1943) 

Lake 

Elles- 

mere 

(1944) 

Mean 
Value 
( Lakes) 

Mean Valiit‘ 
and Std. 
Itrrc)!* of 
all samples 

Liver 

Viscera 

Head 

Trunk 

'Fail 

0.5 

1 .4 
6.7 

25.7 

65.7 

0.5 

2.2 

3.3 

17.2 

76.8 

: 

0.5 

1.8 

5.0 

21.5 

71.2 

0.8 

2.9 

10.3 

20.2 

65.8 

0.7 

3.7 

10.3 

29.5 

55.8 

0.6 

1.7 

4.6 

17.6 

75.5 

0.7 

2.7 

8.4 

22.4 

65 !8 

0.7 4 0.07 

2. 4-! 4). 49 
7,04 1 .43 
22.0 -i-2.40 
67.91-3.82 
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Immature eels 28 in. - 32 in. 


Body 

Tissue 

Mana- 

watu 

River 

(1943) 

Hutt 

River 

(1943) 

Mean 

Value 

(Rivers) 

E'oxton 

Lakes 

(1943) 

Lake 

Elles- 

mere 

(1943) 

Lake 

Elles- 

mere 

(1944) 

Mean 

X'alue 

(luikes) 

.Mean Value 
and Std. 
Elrror of 
all samples 

[,Jver 

0.3 

0.5 

0.4 

0.4 

0.4 

0.5 

0.4 * 

0.4i0.05 

Viscera 

2.8 

3.3 

3.0 

2.5 

2.0 

1.9 

2.1 

2.5i;0.26 

:Head 

3.9 

5.7 

4.8 

8.7 

6.4 

4.4 

6.5 

5.84-0.85 

I'runk 

14.2 

19.5 

16.9 

14.6 

i 19.1 

30.0 

21.3 

19.54-2.84 

Tail 

78.8 

71 .0 

74.9 

73.8 

72 . 1 

63.2 

69.7 

71.8-2.52 


Immature eels 33 in. - 37 in. 


'Bod}' 

Tissue 

Mana- 

watii 

River 

(1943) 

Hutt 
River 
(1943) . 

Mean 

Value 

(Rivers) 

Foxton 

Lakes 

(1943) 

Lake 

Elles- 

mere 

(1943) 

Lake 

Elles- 

mere 

(1944) 

Mean 

Value 

(Lakes) 

Mean Value 
and Std. 
Error of 
all samples 

1 aver 

0 . 1 

0.5 

0.3 

0.5 

0.3 

0.5 

0.4 

0.4 4-0.10 

\uscera 

5.1 

2.9 

4.0 

1.3 

1 1-4 

7.3t 

1 .2 

1 1.3 

i 

2.64:0.92 

Head 

6.0 

4.3 

5.1 

7.1 

8.7' -i 

6.6 

' 6.9 

6.0 4-0.61 

I'runk 

26.6 

25.3 

; 26.0 

25.4 

42.4 

33.4 

1 29.4 

27. 7i 1.93 

Tail 

62.2 

1 

67.0 

64.6 

65.7 

39.9 

58.3 

62.0 

63.3±1.9() 


Excluding Lake Ellesmere, 1943. t ovary. 


immature eels 38 in. - 42 in. 


Body 

Tissue 

Manawatu 

River 

(1943) 

Hutt 

River 

(1943) 

X^ake 

Ellesmere 

(1943) 

L.ake 

Ellesmere 

(1944) 

Mean Value 
all .samples’" 

Liver 

0.6 

0.3 

0.7 

0.3 

0.5 ±0.13 

\Tsceia 

4.5 

1.4 1 

1.3 

5.0 

3.6±1.15 

Ovai'} 


4.8 

__ — ■ ■ 1 

— 

1 ____ 

Head 

5.7 

2.6 

4.0 

5.1 

i 4.94-0.50 

Trunk 

27.9 

33.8 

42,3 

25.6 

' 31.94-5.21 

Tail 

61.3 

57.1 

51.7 

64.0 

I 59.04-3.76 


* Excluding Hutt River. 


Immature eels 43 in. - 47 in. Maturing eels 48 in. - 52 in. 


'Body . 
Tissue 

Manawatu 

River 

(1943) 

Body 

Tissue 

Foxton 
Lakes 
: (1943) 

Lake 

Ellesmere 

(1944) 

.Liver 

0.7 

Liver i 

1.4 

1 0.3 

Viscera 

9.5 

Viscera ; 

1 0.5 

1 3.0 

Head 

9.0 

Ovary i 

14.6 

i : 8.2L 

Trunk 

31.7 

Head i 

3.4 

.4.5' .. 

Tail 

49.1 

Trunk 

35.7 

30.1 



Tail 

. 44.4 



Migrant eels. Lake Ellesmere, 1942. 


v./v., , 

■ Xiver'''.'':!',:, 

Viscera\ ' 

Ovary f 

V Head 44.;;' 

Trunk 

' Tail : 

A.V. 1 

1.0 


r-''H9.3-.:v4; 


32.9 

41.0 


: (O.iB : ; 

0. 244:4 ,;,i 

1 1,10 

0.26 

1.12 

0.82 
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GRANITIZATION IN NEW ZEALAND 

PART I. THE EMPLACEMENT OF THE BLUFF NOKll'E : 

A REINT ERP RET AT ION 

Fy J. J. I'vEED, Petrologist, New Zealand (Geological Siirvi'y 

{Received for puhlicatiou , (Uh May, 104S) 


Summary 

The field relal ionshixxs and chemical data obtained !>>’ ii. St'rvici' (19^7) 
in Ins investi.i?alioii of the rocks in the Bluff district hav(' laxMi ren'xainiiu'd in 
the lic;ht of the .c;ranitization theories propounded l)y il. II. head, 0. I.. IG'V- 
Holds, M. (U Backlund, A. Holmes and J. A. Dunn, 'flu* ]>ro,sj;ressive meta- 
morphism displayed hy the rocks is shown to involve meiasomalic trans- 
formations characterized by increasing basilication and d(‘})endenl on ionic 
migrations in the solid (or semi-solid) state, 'fhe Bluff district can , t herei'onc 
lie divided b\^ a line, running approximatel}' north-west from tlu' h'oreshore 
and perpendicular to the direction of increasing metamorpliism, into two 
areas, tlie south-west region of which is the metasomatized (bLisilied) j)roduct 
of the north-east. Tlie basified rocks — norites, hornfelses, granulitos, 
hornbiende schists, ainphibolites, pyroxenites and j)eridotiles, repn'scmt a 
basic Ca-Fe-Mg front formed by the introduction of the ions of t'a,h'e,l\Ig,Si, 
Al,K,Ti,P,Mn ; these ions are believed to have been expelh'd from rocks 
undergoing granitization on Rnapiike and Stewart islands, 'idu' inlliix of 
these constituents drove ahead a Na-Ca-AI front responsible for the s])ilitir, 
character of the Hreenhills tuffaceous rocks and for the c()m])aral>U‘ einich- 
rnent in soda sliown by tlie igneous rocks on d'ewaewae Point. A secom lam- 
basic front possibly advanced ahead of tfris Na-Ca-Al front. 'I'lic unaltereil 
rocks in the Bluff district are considered to liave l)eeti \ve11-hedd('d hasit' tnils 
with intercalated basalt flows and minor intrusions of gahbro, dolcrilc. 
porphyry and quartz porphyry, laelonging to tlie late Palaeozoic (!‘t‘i-mian ?) 

Te Anau Series. The date of metasomatism of this scidc's is probably 
included in tire European Variscaii (Mercnnian) |>eriod. 

Introduction 

In the course of applying to New Zealand geol(.)gv tlie granitization 
theories propounded by H. H. Read (1940, 1943, "l 944 1945) D L 
Reynolds (1944, 1946, 1947a, 1947b), H. G. Backlund (1946), A. Holnies 
(1945), and J. A. Dunn (1942), the writer had occasion to rc'-oxaininu 
the abundant field and chemical data obtained by H. Ser\-ice (1937) 
for the intrusion of the Bluff norip. The results of this re-examination 
with tentative conclusions are given in this paper which it is hoped 
will stimulate further detailed investigations in the Bhiff district, par- 
ticulaily the strict correlation between field observations and chemical 
analyses by which means alone the geological historv of tlu- mcks can 
he solved. 

Distribution OF Rock Types 

The distribution of rock types in the Bluff district is shown in h'ig. 1 . 
redrawn (without alteration) from H. Services’ map, and it will lie 'seen 
that the rocks were grouped into (a) the intrusive series, and (1)) the 
late Palaeozoic (Permian ?) Te Anau Series. Included in the intrusive 
senes are norite, pyroxenite, peridotite, quartz-diorite, and biotite- 
muscovite granite, but of these only norite has attained wide areal 
extent and stretches from Bluff Hill to the north of New River 
lyroxenite and partially serpentinized peridotite occur in small isolated 
outcrops (hig. 1) whose relation to the norite is obscured by intervening 
covering sand dunes (Service, op. cit., p. 207). Numerous thin veins 
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of quartz diorites intersect gneissic norite one mile south-west of Starling 
Point while circular patches invade massive norite on the harbour front 
half way between the wharves and Ocean Beach railway station {loc. 
cit., p. 208). Finally, a dyke of biotite -muscovite granite cuts norite 
on the coast line two miles north-west from Ocean Beach (Inc. rz7., p. 2()8). 

The Te Anaii metamorphic series comprises basic and scuni-basic tuffs 
with dominant spilitic affinities, intrusive rocks and a ft;\v true lavas. 
These are developed in three chief localities — Greciilhlls, Tewaewae 
Point and the Foreshore'A The Greenhills group mainly ('onsists of 
well bedded spilitic tuffs with a general north-west strike' and steep dip 
to the north-east, the dip increasing steadily towards tlic' south-west. 
The grade of metamorphism also increases from the north-east to south- 
west. Thus the least altered rocks from north of Mokoinoko Inlet 
contain abundant fragments of the original constituents whereas tlie 
corresponding rocks from the Greenhills quarries have lost almost all 
trace of these ; further westward along the road from tlie Greenliills 
railway station, line grained andesine-actinolite hornfels are found 
(loc. cit., p. 188). On the sea coast west and north-west of the tuffs, 
well bedded high-grade granulites are exposed and since they ])osscss 
the same general dip and strike are assumed to belong to tlu' same 
metamorphic series although little is known of the rocks occupying the 
area between them (loc. cit., p. 188). The mineral assi'inbhiges in the 
granulites are pyroxene-hornblende-biotite-albite associated with gainet- 
caldte-pyroxene-albite, and hornblende-pyroxenc-ciligciclasc-gai lU't 1 n 
one area the granulites are cut by a hornblende-phigiot lasc'-biotite 
schist (loc, cit., p. 196). The only other rock type in Hit' (uc'enlulls 
group is an oligoclase trachybasalt wdiich intersects the bocldc'd tuffs 
at the eastern side of the mouth of Mokomoko Inlet. 

The Tewaewae Point group, exposed along the shore for a distance 
of about one mile, contains seven ciistinct rock types—epidiorite, albite 
metadoierite, quartz-keratophyre, keratophyre, keratophyre{?), garnet- 
bearing quartz keratophyre, albite -actinolite schist, and metabasalt. 
Of these, massive epidiorite, albitic meta-dolerite and to a less extent 
quartz^ keratophyre, are the dominant rock types (Service, loc. cit., 
Text fig. 1 and p. 205). The presence of a small patch of biotite 
muscovite granite invading epidiorite 100 yards east -south -east of 
Tewaewae Point was also noted (p. 208). 

The Foreshore group is a strongly banded series of dark green schists 
and hornfelses striking about 15® west of north and dipping southwards 
at angles between 78® and 90®. The banding is due to alternation of 
dark green hornblende -andesine rocks and minor hornblende -pyroxene 
bands, with lighter coloured, hornblende-oligoclase schists. In three 
places, respectively 500, 550 and 700 yards south-east of Flendersoii 
Street, are outcrops of fine-grained acid granulites which consist essen- 
tially of crystalioblastic aggregates of quartz and alkali felspar (loc. cit., 
f and third localities, the granulites appear to be 

bedded among the green schists, but in the second a lenticular patch of 
granulite cuts obliquely across the foliation planes of a hornblende 
biotite schist (loc. cit., p. 190). At intervals along the foreshore and 
forming dykes cutting both hornblende schists and acid granulites are 
coaise grained amphibolites which petrographic study suggests were 
originally dolerites (loc. cit., p. 190). 

* The Foreshore was defined by Service (loc. cit . , p. 187) as that portion of the 
western .shore of the harbour extending for a quarter of a mile to the south- 
east from the foot of Henderson Street. 
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Metasomatic Changes during Metamorphism 

The main conclusion reached by Service was that metamorphism of 
the Te Anau Series resulted from the intrusion of a magmatic Bluff 
norite. Thus, the Greenhills rock series, spilitic tuff - hornfels-granulite, 
was considered to be a thermal contact metamorphic series increasing 
in grade as the Bluff norite was approached. Similarly, the well banded 
schists and horiifelses exposed on the foreshore represented the thermal 
metamorphic products of the Tewaewae Point igneous group, the banding 
being formed by a process of metamorphic differentiation (op. cit., p. 205). 


Q 



Fig. 2. — Von Wolfi diagram depicting the increasing basiiication in 
the Greenhills metamorphic series, spilitic tiiff-hornfels-graniilite. 

L felspars, M = saturated melanocrats, Q = qiiartz. 

The Greenhills group will be considered first. Here, the field 
evidence clearly indicates that the metamorphic changes are from 
spilitic tuff, through hornblende-andesine hornfels to pyroxene granulite. 
The chemical relationships involved in this series can be obtained by 
examination of the three relevant chemical analyses (Nos. 52b, 53, 209, 
Service, loc. cit, p, 215). For comparison purposes, the analyses have 
been plotted on a von Wolff diagram ( Johannsen, 1939, p. 109) which 
is highly suitable since on the one hand it separates quartzose, felspathic 
and melanocratic types from one another and on the other hand it 
separates chemically oversaturated from chemically undersatiirated 
rocks (Reynolds, 1944, p. 237 ; 1946, p. 393). From Fig. 2, it will be 
seen that the main change involved in the series is one of increasing 
basification (Reynolds, 1946, p. 391). How this basification is brought 
about is revealed by comparison of the weight percentages (Table I), 
wdiich indicate that in the alteration of spilitic tuff to hoi-nblende-andesine 
hornfels, Fe,Mg,Si,K,Ti,P, and Mn are added and Na,Ca,Al subtracted. 
In the second progressive change, hornfels to granulite, Fe,Mg,Si,K,Ti,P 
are lost and Ca,Na,Al gained, with no change in Mn, Further, it will 
be noted that the materials lost in the second stage are equivalent to 
those added in the first change. Examination of the chemical data, 
therefore proves that metamorphism of the original tuff ac eons rocks 
has not been a mineral recrystallization without change in bulk chemical 
composition, but a metasomatic change involving introduction and 
migration of certain constituents. 

In the second area w^here increasing metamorphism can be observed. 
Tewaewae Point -Foreshore-Bluff Hill, Service (1937) accepted a 
magmatic intrusive origin for the norite and considered the banded 
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KoresiioiY schists to result from the contact thermal inetamorphism 
uf tlic [i:(‘ucrally massive Tewaewae Point igneous group. Since 1937, 
lio\v{AvV. another alternative is possible, viz., tliat tlu' norih' is non- 
magnuitic ami is itself a product of metamorphism. As tlu^ met amor 
i)liisin ill the (ireenhills district has been shown to he one of imdaso 
inafism (basilication) it is of vital importance to comparc^ llu' ('lumiic'al 
compositions of the epidiorite on Tewaewae Point with the ItlufT Hill 
norite, for both these rocks have similar texture. P'roni tlu‘ \'on Wolff 
diagram (log. 3). the conversion of epidiorite to norite* is st'tm to be* oiu' 
of i)asification and this involves the intlu.x of Fc,.Mg,Si, K, 1 i, P and Mu, 
and the departure of Na.Ca.Al (Table II). ITie transiormation of 
epidiorite to norite, therefore, compares e.vactly with metainorpliism of 
spilitic tuff to hornfels in the (.ireenhilis district. Fhen* is also (‘xadtau'e 
that a second, more south-westerly, metasomatism is pu'sent in the* Phiff 
Hill region for olivine norite has been described from thc' s{:a coast one 



Fig. 3.- -Von Wolff diagram showing flic basificatioii change of tlie 
Tewaewae Point epidiorite to norite and the second desilication 
change to olivine norite. 

mile south-west of Starling Point, and a comparison of the rHtwant 
chemical date (Fig. 3, Table If) indicates that the change is one of 
desilication brought about by the introduction of Ca,i\lg,Al,P and the 
migration of Fe,Si,K,Na,Ti and Mn. This change is similar to the 
metamorphism of hornfels to granulite in the Greenhills district since 
both are desilications characterized largely by the introduction of Ca 
and AL In the granulite, however, Na is also important whereas Mg 
accompanies the Ca in the olivine norite. 

To siimmarize, the conversion of epidiorite to muite in tlie Tewaewae 
Point-Bluff Hill region compares exactly with the metasomatic changes 
involved in the metamorphism of spilitic tuff to hornfels in the Green- 
hills district. Further, a second more westerly desilication, resulting 
from the influx of Ca,Al (and Mg or Na) is present in both areas. In 
other words, the Bluff district can be divided by a line running a|>|)roxi- 
mateiy north-west from the Foreshore and perpcndicuPar to the direction 
of increasing metamorphism into two areas, the south-west area (.)f 
which is the metasomatised (basified) product of the North-east. I'he 
principal active agents in this basification are Fe,Mg,Ca,Si,Al, with 
enrichment in Ca following a dominantly Fe,M,g ].)hase. In modern 
nomenclature, the norites, hornfelses and gramilites an^ diabrocliitcs 
as distinct from migmatites, where the metasomatism is one* of grani- 
tizatiou (Dunn, 1942, p, 234). 
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Mechanism of Metasomatism and Estimated Volume Changes 

It is now considered probable that metasomatism in solid (and 
semi -solid) rocks is effected by processes of ionic diffusion dependent 
largely on migrations of cations (see Reynolds, 1947, p. 220 ; Bartli, 
1947, p. 57). The importance of oxygen in these processes has been 
stressed by T. F. W. Flarth (1947, p. 56 ; 1948a ; i948b) for among the 
constituent atoms (ions) of rocks, oxygen takes up the largest volume, 
the atoms of the other rock building elements— “present as cations in the 
crystal lattice of the silicate minerals— 4:>eing generally much smaller 
(Barth, 1948a, Table I). Thus, in the average igneous rock, oxygen, 
although less than 50 per cent, by weight makes up almost 92 per cent, 
of the volume (Barth, loc. cit.). The accumulation of this large structure 
of oxygens is made possible by the bonds of the interstitial cations whose 
electrical charges keep the whole structure together but whose space 
requirement is negligible. If the volume of any given rock containing 
160 ox 3 .^gens is considered, it is found that very nearly 100 cations are 
associated with this volume which Barth (1947, p. 56) defined as the 
standard cell of the rock. This does not mean that the volume of the 
standard cell is the same for all rocks for this varies with the packing 
of the oxygens. In all rocks, however, belonging to the same or related 
mineral facies, the standard cell has a rather constant volume (Barth, 
1947, p. 56). If we assume that in metasomatic processes the large 
oxygen ions are stationary (Barth, 1948b, p. 50), it follows that the 
cations may be replaced and a new rock developed by exchange of but 
a few per cent, of volume of the rock substance (Barth, 1947, p. 57 ; 
19481), p. 56). 

Calculation of the standard cells of the rocks in the Greenhills and 
liewaewae Point-Bluff Hill metasomatic series (Tables HI and IV) 
indicates that the volume changes are very small, varying from | to 1-| 
per cent. Further, since approximately equal volumes of the rocks are 
being considered, examination of the standard cells gives a clearer 
picture of the metasomatic migrations than comparison of the weight 
percentages (Tables I and II), although the overall changes are the 
same in both. Thus, if the oxygens and hydroxyls are disregarded, 
the rock transformations in the Greenhills series can be written. 

102.57 tuff -f (1.18 Fe + 1 .76 Mg + 1 .30 Si -f 0.76 K + 0.51 P + 0.45 Ti 
+ 0.03 Mn + 1.33 H) 

- (5.99 Na + 0.44 Ca + 2.94 Al) 

= 99.24 hornfels. 

99.24 hornfels 4- (2,96 Ca + 3.32 Na -f 0,22 Al + 4.93 H) 

- (1.39 Fe +, 0.80 '.Mg A 2.16 Si A 0.63 K A 0.17 P 

A 0*09Ti) 

100.09 granulite. 

Similarly for the Tewaewae Point-Bluff area : — 

100.34 epidiorite 4- (1.29 Fe A ^-46 Mg A 0.74 Si A 0.58 K A 0A4 P 
4 - 0.83 Ti A 0.07 Mn) 

- (0.25 Na A 0.74 Ca A 3.23 Al -4 1.27 H) 
rrr 100.53 norite. 

100.53 norite A (7.30 Ca 4” 1-47 Mg A 0.39 Al A 0-38 P) 

- (3.69 Fe A 4.73 Na 4- 7.58 Si -f- 1.09 K A 0.80 Ti: 

A 0.11 Mn A 0.16 H) 

100.97 olivine norite. 
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These changes can be summarized as follows ; — 

^ 4 . Greenhills : 

Spilitic tuff H (Fe, Mg, Si, K, P. Ti, Mn) -- (Na, Ca, Al) ^ liornfels., 

Horiifels +■ (Ca, Na, Al) -- (Fe, Mg, Si, K, P, Ti, Mn) {;raniilitc\ 

B. Teii^aeu'ae Pomt- Bluff E ill : 

Epidiorite F (Fe, Mg, Si, K, P, fi, Mu) - (Na, ( a., Al) Noritr. 
Norite + (Ca, Mg, Al, P) — (Fe, Na. Si, K, Ti, Mn) oliviiu' norite. 


Changes in Other Rock Tvpks 

The greater part of this paper has dealt with inetasoinatie changes 
in the two major series, but there still remains otlicn’ nx'k ty]E's to be 
considered, e.g., hornblende schists, acid granulites, albite iuetadoltn'iti^s. 
amphibolites, quartz keratophyres, pegmatitic hornblende uorittrs. 
pyroxenites and serpentinized peridotites. The following tt‘ntati\'e 
conclusions, to be confirmed by further detailed investigations, are ollVrtMl 
concerning these rocks. 

(a) The well-banded Foresliore schists and hornfelses aii‘ probably 
the nietasomatic (basified) product of bedded tulTaceous roc'ks, for 
if the original rock is assumed to have the com])ositi()n of 11 k‘ OiX'enhills 
tuffs, examination of the chemical data indicates that tlu* avtixigt' schist 
or hornfels is basified compared with tlie tuff (Mg. 4). On this inl<‘r 
pretation the Foreshore schists and hornfelses have betai fornuMl in a 
similar manner to tlie Cfreeiihills hornfelses. 



Big. 4. — Comparison of the Greenhills spilitic tuff with the avc'.rage. 
Foreshore schist or hornfels on a von Wolff cliagratn indicates that 
the transformation is a basilication change coniparabk^ with the* 
metaniorphism of tuff to hornfels in the Greenhills district . (('f . 

:Fig.2),';, 


(b) The acid gi'anulites exposed on the Foreshore were cousi(ler<;il liy 
Service (1937, p. 205) to result from metamorphism of the 'rewaewac 
Point quartz-keratophyres. Comparison of the chemical analysis 
(Fig. 5) reveals that the change involved is one of desilication (Ids 
pathization) dependent on the introduction of K,Al,Si and P. This 
alteration appears consistent with the basification ebangew noted in 
the tuffs and epidiorites for D. L. Reynolds (1946, [u 392, 413) has 

shown that the comparable stage in the transformation of jisammitic 
rocks is one of fclspathization. 



1948) Reed CiRANiTiZATroN in New Zealand. 1. 298 

(c) It is not clear what are the metasomatic prodiaAs of tiie 
I'tAvaewae hoiiit albite nietadolerites, but p()ssil)ly tliay are thi^ aiiiphi • 
l>oliti‘s forming dykes cutting the Idareshore schists, for {)etrogra,piiic 
-iudy i5idi('at(‘s that tliese are altered dolerites (Service a/). ciL, p. 204). 
The (diemical ('oinjX)sitioM <jf the amphibolites is not knowm. 


Q 



i' lo, S, V(tii W'oIfT (liugraiit rev’faliug that the nietainnrpliisiii ttl' Ihe 
Trwacwat' i'ninl iiuartz k(*ratoj>h ya*e to (tie Leri'slain' ai id 
!.’,t an iiliti* is a th'scilit'alion cliaiime Ivrouglii about b\ iVIspathi 
/at ion , 

(d) No (duanical data is avai]al)ie for tht* pyroxenites and |)artially 
ser}>eiitiiH/,e<i p(‘ridot ih‘s, l)ut it is signiticairt tliat they otit<*rop in tin; 
Ijasifn'at i<i!i /,oii(‘ wIii,‘D‘ pyroxene and oliviin' an* known to haxa* formed, 
ft is probable, thertd'on*, that the pyroxenit('s and peridotitt'S are the 
profluct of (hi-Mg he nudaisomatism of pn^^existing basi(' ro(4<s. in 
tills ('onnei'l ion, tin* t^vidence obtained from tin* NiAvry ('oniph‘X an<l 
Malvern ansi is jx'rtimmt for in both these regions biotiti' pyroxiaiites 
hav(‘ devdoiH’d by bjisilitartion. in tlie first ansi from ])elitic and .stmii- 
pi'iitii' rocks (Reynolds, 1944) and in the sirond from (‘}hdiorites 
t llratnmall, 1944). 

(e) h>t‘sid(;s the typical medium grained norites, two other \airi(;ties 
are known, one a richly honiblenclky coar.se peginatitic ro(4< occuring 
as small nodules and veins in tire main type and the other a. strongly 
giK'issic, dens(‘ black, line-grained variety forming vthns and dyktts 
interst;e.ting the main mass (Service, op. cit,, pp. 297, 208). Hie held 
octmrnm('<‘ of the pt'gmatitic, hornhlendic norite suggests that it repn*- 
si'iits the consolidated etpiivalent of the migrating basilieation plmsix 
the piiiK'ipal aetivi‘ agents of which are known to he llu‘ ions of ('a,ld\ 
Mg.Si.Al. 'This hyj)otlH‘sis is analogous to Barth’s intm'pretation of 
]H‘gmatite.s in Iveiaiublwje (Norway) as being the consolidaded eipn- 
valent of tin' migrating ^rcuiHization phase, the active^ agiMits of whiefi 
w(‘re ions of the alkali metals, A1 and Si (Barth, 1947, p. 88). The 
origin of the dykes and veins of fine-grained norite, which in modc'rn 
nonumdature re]>re.stmt rhcomorphic or mobile material, is probably 
idost'ly allied to that of the pegmatitic norite. 

OnunN OF THE Basic Front 

R<,‘-(\xa.mina.tion of the rocks in the BlulT district has rcD'caJed that the 
norites, hornhTses, granulites, hornblende scliists, am])hiboIites and 
|)rol)ably tlu^ pyroxenites and peridotites are diabrochites representing 
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a Ca-Fe-Mg front (Reynolds, 1947, particiilaiiy p. 211), ivMiltioi; froni 
the introdiu'tion o1 the ions of Cci,he,Mg,Si,Al,K, ii,i’ and Alii. I lu‘ 
spilitic character of the tuffs in the Grecnhills district and llu' coinparahlc 
enriclHiK'ut in soda, shown by the igneous rocks of Tewaewai' Point (aihitic 
felspar, sodic liombkaide ; Service, 1937, p. 198) is strong eN'idiaK’e that a 
Xa4'a.-Al front was driven ahead of the Ca-Fed\lg front. Ihirthri, 
the iniiux of Na.Ca.Al, appears to have given rise to ti sivondary Iksmc 
front for its presence would explain the wides])n‘ad clouding oi the 
felspar, now being replaced by clear albite, wliich can be ol)S(‘r\'e(l in 
the epidiorites, albite rnetadolerites, garnetiferous (]uartz keratophyres 
and metabasalts on Tewaewae Point (Service, op. cii., |)p. 196-290) 
and in the trachybasalts in the Greenhills district {(oc. ciL, p. 193). 
This clouding of the felspar by iron ore dust is now b(ii(A'(‘d to !)e a 
criterion of basilication (I'veynolds, 1946, p. 436). Thc' pixseiu'c of 
this secondary basic front is also suggested by the occurreiua' of pink, 
manganiferous garnets in the quartz-keratophyres exposc'd on t!u‘ most 
easterl}^ part of Tewaewae Point (Service, op. oil., Toxt log. I). In 
this discussion, it is unfortunate that the continuation of th(‘ 'id* Anau 


Q 



Fig. 6.-- Von Wolff diagram comparing the Stexvart Island granite 
with the Bluff norites and veins of quartz diorile and 
muscovite granite. The quartz diorite analysed is thv highly 
quartzose type. (Service, 1937, p. 213), 

scries east of Greenhills and Tewaewaie ]k)int is covered by sa.nd dunt^s 
and that chemical data is lacking for the least altered tuffs ()iitcrop])inK 
at the mouth of Mokomoko Inlet (Service, op. cU. ]>. 188). In the 
light of the evidence of the fronts, however, tlu; writer considers that 
the unaltered rocks in the Bluff district were well bedded basic tuffs 
with intercalated basalt flows and minor intrusions of gabbro, dolcritc, 
porphyry and quartz porphyry, i.e., the igneous rocks belong to 
H. H. Read's volcanic class (Read, 1944, p. 98). 

That basification is the complementary jtrocess to graniti/-ati(ui 
is now well established (Reynolds, 1946, 1947a. !947h) and in tlu^ HlulT 
district evidence suggesting an associated granitization phase is giviui 
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l)y tlu‘ <)('('urr(riici‘ of (luartz-diorite and granite veins. The location 
of tills graiiiiization stage ap|)ears to be Knapuke and Stewart Islands, 
13 niiles south-east, and 20 miles sontlnwest, respectively, of Bluff 
(Idg. !)lor tlK're granites, granodirirites, etc., outci'op over wide areas 
(S(u\'it'c, 1937, ]). 214 ; Wdllianis, 1934, PI. Xi). Tlu' only anatyses 
a\'a.ilab!r coiK’erning tliese rocks is that of the Stewart Island granite 
{W'illiams, o/u ciL, Tal)le 111) whicli in big. 6 is coinpaia'd with the 
Bluff uorites and veins of (piartz diorite and bifdite iriusco\’it(.‘ granite. 



lot;. 7. Ma{> .sliowing the relationships of the fronts in tlie Blnl! 
dislrirt (it{)iui{laj:ies approximate). 


'rbt‘ fronts rstabli.shed in the Bluff district and surnmari/aal in log. 7 
may ha.V(^ regional signilicancc for investigations at present being carried 
out l)y tiH‘ writer suggest that similar rock transformations are re- 
produced in th(^ irudamorpbism of the Te Anau series in the Orepnki- 
Riv(‘rton ix^gion, and in tlie HopoHoward survey districts (Miindiison 
Subdivision). In the Lake Manapouri district too, the rocks d{rscrihed 
by IS j. 'runuM- (1937) in his eastern Manapouri IVovincc* show many 
afliniticrs with those of Bluff. 
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Date of Metasomatism 

I'hc iiu.'tasoinatic transformations described in tliis }Kij>('!- liaxa* 
l)i>eii ellVcted in ro('ks belonging to tlie Te Anaii series tor wliidi a late 
i’abu'ozoir (i'ermian ?) age is most probable, althougli tlie only eA'idenee 
in the DlntT district is the iinding of a single “ Zaphrentid " coral in the 
(ireiadiills spilitic tuff (Service, 1937, p|). 206-7), 'Idie upj)er age limit 
of metasomatism a};)pears to be provided l)y tlie (>eciirrenc(‘ ol s|)iliti(‘ 
tuffs and keratophyres in Jurassic conglomerates at Nugget Doint aiici 
Kawhia (SeiAice, loc. cit.). 1 he date of inetasoniatisin of tin' I Anau 
series is, tluieloie, probably included in tlu' !Miro|)ean Variscan 
(Hercynian) j)enod (Ihnbgrove, 1947, {>. 27). 

Coni: FUSIONS 

(1) De-examination of the field and chemical data inditadc'S that 
the progressive metamorphic series in the (ireenhills <listri('t, spiliti<' 
tirfrA->hornfels ->graniil^^^ is a rnetasomatic series (diaractc'i i/.t'd 
by increasing basitication. In tlie alteration of tuff to horidf'ls, lu'.Mg. 
Si,K,P,Ti and Mii are added and Na.Ca.Al subti'acted, while tlu' siM'ond 
change of hornfels to granulite involves tlie influx of (hi,Na,Al and re 
nioval of Fe,Mg,Si,K,ih'ri and Mn. 

(2) In the second area disjilaying progressi\'e ivi(‘tairn)i |)hisni, 
Tewaewae Ihjint-lUulf Hill, tlie conversion of ejiidioriti' to norite is a 
basification changi^ exactlycomparable with tiie transformal ion of spilitic 
tuff to hondels m tlic Greeiihills district. A second niou' south westi'r 
ly desilication is also present for the formation of olivine rmrite soiitli 
west of Starling Point involves tlie introduction of ('a,Mg,Al,lh and 
expulsion of Fe,Si,K.Na,Ti and Mn. 

(3) Correlation of the rnetasomatic changes in th(‘ two nu'tamorphic 
series indicates that the Bluff district can be divided by a lin<‘ rimning 
approximately north-west from the Foreshore and periamdicuhir to 
the direction of increasing metamorphism into two areas, tlu* south- 
west region of which is the basi lied product of the north -(uist. 

(4) Tlie metasomatism of the rocks is considercxl to result from 
processes of ionic diffusion dependent largely on migrations of mations. 
The volume changes during metasomatism, estimateil by coinpa.rison 
of the standard cells of the rocks, are very small, ranging from | 
to F| per cent, of the rock substances. 

(5) The basified rocks (diabrochites) of the BlufT district norites, 
hornfelses, granulites, hornblende schists, amphibolite's, jiyroxenites, 
peridotites--are the products of a basic Ca-Fc-Mg front resulting from 
the introduction of the ions of Ca,Fe,Mg,Si,K,Al,P;ri,Mn. 4 best' 
ions are believed to have been expelled from the rocks undergoing 
granitization on Ruapuke and Stewart Islands, 13 miles soutlmaist 
and 20 miles south-west, respectively, of Bluff. I'lie influx of these 
basifying constituents led to the formation of a Na-('a-Al front respon ■ 
sible for the spilitic affinities of the Greeiihills tuffs and the coinparahli' 
enrichment in soda shown by the igneous rocks on 'fewacwai^ I'oint. A 
secondary basic front possibly advanced ahead of tliis Na-(hi-Al front. 
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(6) 'riie luialtcred rocks of the Bluff district arc ('ousidiax'd to 
liave liecn well lieddcd l)asic tuffs, witli intercalatcai basalt flows aud 
niiiior intrusions of j.^al)l)ro, dolerite, porphyry and (piartz porphyry, 
belonging to the Te Anau series for which a late I\alae((zoic (l\‘nnia.n ?) 
ag{^ is most pi‘ol)al)le. I'he date of metasomatism of this series is probably 
included in tlie ldu*o[)ean Variscan (Hercynian) ])eriod. 
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'Table 1. 

Cl)tMnici!l i-(‘lalionships in the Clreenhills metaniorphie series, si)iiii ie t el! 
hoi-ntels-.^ramilite, calculated troni comparison of the wcm.uIH pereenla,ues. 


Itock: Change 

Si( )2 

.MoOg 

Fe()='^ 

MgO 

CaO 

NaoO 


'I'iO. 

IFjO., 

MnO 

Spililic tuft > 
horn h* Is 

+ 

2.16 

2.39 

1 .63 

-f- 

1.31 

0.36 

3.20 



0.65 

T 

0,65 

0,1s 

(F04 

Horn tels • > 

gran 1 1 lit e 

2.61 

0.16 

1 .76 

0.59 

2.96 

1.82 

0.53 

0,13 

0.21 

0.00 


'ruff -i (h'e Alg Si K Ti P Mri) (Na Ca M) i lonii'els. 

Ilornlels J (Ca Na Al) -- (Fe Mg Si K 'F P) Cramiliie. 

'fotal iron as FeO. 


'Fable U. 


Chemical relationships of the e}>idiorites, norites, and olivine noriU‘S in t hi* 
Tewaewae Point-BluF Hill region calculated from comparison of iiu* weigh! 
percentages. 


iiock Change Si ()2 

AUOg 

Fe( ) 

MgO 

CaO 

Na^O 

Kot) 

I'iOo 

‘TO5 

MnO 

Ivpidiorite- > 

norite 0.53 

2.94 

■c 

1.58 

■I 

0.29 

0.76 

0.16 

H- 

0.44 

•I- 

1.15 

1- 

0,52 

■■■1 

0.10 

Norite-' > 

Olivine norite 7.03 

8.73 

4.48 

1.14 

•f' 

7.38 

2.50 

0.86 

1.14 

0,38 

0.14 


Epidiorite F (Fe,Mg,Si,K,Ti,P,Mn) — (Na,Ca,Al) Norite. 

Norite + (Ca,Mg,Al,P) — (Fe,Na,Si,K,Ti,Mn) Olivine norite. 


Table I JI. 

Chemical and volume changes calculated from standard cells of tlie rocks 
for tlie GTeeiihills Metamorphic Series. 

A . Tufj-honifels : 

Fuff : id 4.55 No -92 ^^ 6 - 64 TVIg 4.97 Fe5.g(j TiQ.gy IT -|4 

Hornfels : Hg.gg Ki-gg Nag-o^ Ca(‘. 2 o Mg (..73 Ee 7.94 Alt 7.^9 Si 5 . 2 -oo 'l'hL 77 


Additions 

Subtractions 

E33 ions ,H 

5.99 ions Na 

0.76 

, K 

0.44 ,, Ca 

1.76 

, Mg 

2.94 Al 

1.18 

, Fe 


1.30 

, Si 

9.37 cations 

0.45 

, 'Ti 

. ■ 

0.14 

A AO 

. P 

Kepre.senting 16 va.lencies 


'total (T95 cations representing 16 valencies 

Volume change < | per cent. 
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i<KEl) (iRAMITIZATION IN NkW ZEALAND. I. 


21,4 


H . / / irmfcis - ( / /'</// ; 

ffoinlcLs. (f.'i'.ss ^ ^'r>2‘00 

^4)-2H ^ ' Uio 

I rniM iiliie ; JI io-hi 9i4(,.n 

^ Li-hh ^\i ii 


Additions 
4.93 ions M 
3.32 Na 

2.m Ca 

0.22 A1 

I'otal 1 1 .4.2 calions 


Svil:)traciions No clianj^o 

0,02 ions !v Mil 

0.80 .. Mg 

1.29 I'o 

2.16 Si 

0.09 ,, 'fi 

0.17 .. P 


rep icisen ting Do valencies 5.24 cations 

re|)re.senting 1 5 va leiicies 
Volume cliange < I [>er cent. 


'rAin.K I V, 

Chemical and volume changes for the series, epi<liorite-iiorit(:‘-olivinc 
norite, calculated from standard cells of the rocks. 

/I, Jipidiorife-inyrile : 

ivjrtclorite : Hieoi 'Oeini ‘^^Kieo.i he,..,.}, 9i4j,(.7g 

1 h)ejr> ^lerai ^ 

Norite: H,j.77 Kj.,,j Na,;.;^,^ ^^’Ocih ‘ 41 i 7 . 5 ,) 8149.^^5, Hvoh 

^l oo Cuio 


Afhlltions 

Su lit 

■a.ctions 

0,58 ions K 

1 .27 

ions 1! 

0.46 .. Mg 

0,25 

.. Na 

t).()7 .. Mn 

0.74 

. . Cii 

1,29 Fe 

2,22 

Al 

0.74 8i 



0.82 'I'i 

0.44 P 

4'ota! 5.49 

cations 

'total 4.41 cations 

n‘preseniing 12 valencies 


re p rc ‘s< ni t i n g 12 va 1 c^ a c i es 

Volume cliange < per cent. 


iC Noriie-oUviue iiDri/c : 

,No,rite H4,,77 K^.-kj Na4{..'j(} Mg^j.^o MiVo-ig h 07 . , At 17.50, 8:14,9.52 ■ Ici^i 

.,., , . . . ,■ 

(,)I,:,iv:ine .norite ; Ihi-oi K0.07 'Naj^.oa Ca 15,55 Mg7.{)7 .Milo. 97 he4.,2ii Algo. . 814^,94 
^ h)'28 ^^:i'28 *^8 00 

Additions Siiliti'a.ct ions 

7.30 ions Ca 0,16 ions II 

1.47 ,, Mg 1.09 ,, K 

9.29 ,, Al 4,72 ,, Na 

0.28 „ P 0.11 Mn 

3.69 ,, Fe 

18.44 cations 0.80 ,, 4'i 

7.58 ,, Si 

representing 47 valencies 

'I'otal 18.16 cations 

representing 47 valencies 

Volume <’hance < 1| per cent. 
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A BALANCED WATER-FLOW WATTMETER 
FOR CENTIMETRE WAVELENGTHS 

By W. A. Penton and I. R, A. Ovf:rton, Dominion Physical Iail)()i'atorv , 
Department of Scientific and Industrial Res(‘arcli 

( Received for puhlicatiryn, oth A ugust, IH I'i) 


Summary 

This paper describes an R.F. Wattmeter of the coiitimiousdlow walci- 
type designed and constructed at the Dominion ldi)'sical UaboratorN’ for the 
measurement of mean power of K.F. pulses at 3 cins. wavelengtli (10,000 
megacycles/second). The design ])rovides for equation of tlu‘ K.Ic power to 
power from the 50 cycle mains supplied from a controlla])Ic‘ source, and 
eliminates most of the sources of error due to heat loss wliich aia* commonly 
met with in other calorimetric methods, 'the instrument (ould l)e (‘asii\' 
niodilied to suit other wavelengths and other R.F. transmission sN stems, 

Introduction 

The instrument to be described was designed and constructed to meed 
a laboratory requireiiient for the accurate measurement of RJe |)ov\a‘! 
at 3 cm. lAirtability was not a primary requisite. 

Methods of calorimetry by absorption of |)ower in a licpiid load rind 
measurement of absolute tem|)eraturc‘ rise resulting, hiivc bmii widely 
used in other countries, and gumerally seem to he rei'ogui/.ed as th(^ most 
accurate method available. The precautions necessary to attain iod lenu 
accuracy are, liowever, very consideralile. Loss l)y iuud e\('luinge line! 
heat radiation is obvioiLsly likely to occur unless tlua'inal insuhition is 
extremely thorougli. Temperature rise must be k(‘pt to a iiiiiunriinu 
this impl 3 ring \TU'y delicate thermomctric measurihueut it j)eix::entage 
accuracy is to be high. Mechanical stirring must he wry tliorougli 
before readings are taken, and in general tlie jxroca'duix' is long arid 
laborious. 

Constant flow methods using thermocouples or resistaiux' tlna 
mometers are quicker, but thermocouples, though sensitixxy an‘ sauiabh 
in chai’acteristic and not easily made up into a direct reading instniim^nt 
of high accuracy. In any case, radiated losses noted alrove are not 
eliminated by this method. 

The continuous flow method using a separate source of ])owm' to 
balance power absorbed from the R.F. source overconu's most of thr 
difficulties noted above. Heat from a separate ('ontrolhihih^ .sour’c 
IS generated to equal the K.F. heating produced and the point of (‘(pm! 
heat observed b}^ a balance indicator. Fbe amount of ])owc‘r nxpiired t{s 
balance is read directly from a metering .sy.stem and is erpnil to th(‘ Khh' 
pcjwer absorbed, providing that radiation losses from !)otli powerxibsoi' 
hers are equal and that the heat exchange in the system is iiegligihh'. 
Both these requirements are easily met by correct design of the system, 

ibis is the system used in the instrument to be (lescril)ed. So fai 
as the writers are aware, only brief mention of the system has been made 
in technical literature, and that in the course of discu.ssion on a r('e<‘nt 
paper by Clayton et al. (1946). No full account has becai puhlisln^d. 
although there IS little doubt that the method has actuallv laxm us<‘<i 
quite widely. 
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Pi':nt()n and Ovi^RTON A Balanced Water-flow 

Waitmeti^k for ('fntimetre Wavelengths 

(lENEKAi. Description (See Fig. 1) 

A w;iter stream at coiTstant pre.ssure is led tiirougli a poKNtyrcue 
’iKorhiiig wi'dge, a c<)in])arison cliamber of polystvrc'ip' (‘ontaitiiiig a 
iiratiiig I'li'inent, and |)()lystyrene cliairibers containing the four aa'ins 
a ii resislaiR'e bridge w'ihch uses [ilatinum or nickle wire as tlK* lieat- 
-ri!siti\'c resist anee (‘leinents. 



I*he i)ridg(' is sii|)j)lie(l with a source of A.F. powtu' at about 5(H) 
1 \‘cl(*s fiarni an R.('. oscillator', and bridge ontjuit is ('onnei'ted to an 
ainj)ii(ier, diode rectifier and meter to record Irridgt' balaiKue 

The resistanet‘ in the coin|)arison and iralaiKung chamber (‘an lx? 
siipp!i<‘d with 50 ('y(‘le ATT |)owcr through a transformer witli lint* and 
coarse jsrimary C()ntr()ls, the voltage and current to the ix'sistaiice 
laang nudi'rt'd with instrurnents specially checdvral for a<‘(‘nra(‘y. 

In use the bridge is first balanced ‘'cold " and K.F. .powaa- is then 
a,pj)li(Hi. Th(‘ bridge unbalances and is rebalanced by introduction of 
50 cycle powca* to the €omparisc)n chamber. The powm* rec|uired for 
ix'balaiua' is read from the meters and should ecpial the R.F. power at 
all water s[)ee(ls, within the limits of accuracy of the instrunumt. 

Units of. System 

'riiese a;re ■ 

Bridge oscillator and bridge null iiidicatirig Jinvplifier. (See 
Figs. 2, 3 and 4.) 

('alovimeter unit. (See Figs. I, 5 and 6.) 

Ihihincing power unit, (See lugs. 4 and 7.) 

(hmstant head water tank. 

(I) />Vh/gc Oscillaior and Ihidgc Null Indicating Anij'>Ulic}\ 

A (sSj7 is used as an R.C. oscillator whose frc(|uency is detcn'inincd 
hy the feedl")ack network between grid and plates. In this case the 
fre(pum(‘y gentu'ated is 530 cycles, chosen as well-removed from power 
a,nd {)ower harmothc frecjuencics. The cathode resistor of this tube is 
('litical for the be.st waive form of oscillator out])iit. 'Fhe output is 
ainplihed l)y a 6V6 and applied to the bridge through a, step-down 
transfonma- to match approximately the bridge iut)ut resistance. 
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The grid voltage clivider is arranged so tliat not more than 7r> noa. 
may be made to How in the bridge, this corresponding to a (lissipatam 
of appr()xirnatel\' 40 inw. 






Fig. 3 


An input transformer matches the bridge output to the grid in])ut 
of the 2 stage null indicating amplifier using 6AG7 tubes. Any out-of 
balance bridge voltage is thus amplilied and rectified by the 6('5 c'oimtv^ 
ted as a diode. Rectified current is displayed on M.l. 'fhc value 
load resistance is selected to limit the current passed by tlie diode thus 
protecting the meter from heavy overload. Linearity of meter scalt‘ 
in a null indicating instrument is not of major importance, altliongh 
as Fig. 8 shows, sub.stantial linearity up to I full scale is n‘a.liz<‘d. 

'fhe two units described are accommodated in the n})p(‘r chassis, 
shown in Fig. 4, together with their common regulated powiu' supply. 
The upper panel carries all controls, output terminals to calorinuder 
unit, null indicating meter, and also the voltmeter and ammeter for 
the balancing power unit. 






y. V ■/[ ^ 


I^KNTON ANl> OVKKTON A BaLA 
\\ ' Al l' Ml- 1’ K \< F ( ) R ( ' K N 1' I M FT 1- 
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W' ATT M i-:TI‘ H IT) l< i ‘ K Nl’ I M KT RD V\A\A' E LE N ( ; r H S 

:2) iMfiaiiciiiA pTVi'cr Ihiii, 4, Lou'cr Panel, 

Tins iinil; inc< rates : 

(a) Stcj) (lowii trajisfonner 2ti0 V/20 V/40 V with vai-iac contiol 
in primary as “ coarse " contr<)l. 

(1)) ('tiang’i'-over svvitcli " l()Vv-|:>ovver - liipii ■ jiowei' ” witli 
a })| )ro|)ria te i ndicarti rip I am })s. 

(c) “ lane" control, l)eing a 5 ohm eariahle resistaiicca in 

sis ies witli transformer secondary. 

(d) A j)j)ropr!ate nietei' sluints and series resistors. 

Voltmeter (d-20 V.A.d.) and annnctra- (0-1 amp A.(‘.) arc situated 
on pa/nel aJ:)o\"e. 

In “ low power " position S.W.L applies a maximum of 20 v., m ros.-^ 
thr 20 ohm I'.eating ncsistance in comparison cliarnber of tlie calorinuder 
Hiiit, and {)ow(m's u}> to 20 w. are read. In “ Irigii -power *' position, 

is placi'd in seri(‘s with the voltmeter to extend its range to -10 v., 
anrl maximum poweis up to 80 w. may l)e reach 

Idle \-aria<' I,..!, is enclosed in a mu-rnetal shield to eliminate stray 
mains fr(‘<pHm('y pick“U|) in the indicating aniplitter, 

(3) ('alorirnder Unii, 

h'ig. S is an external view of tliis unit and Idg. (■> slaavs the 
warions items whii'li are assernbled inside the unit, inten'ornietdetl with 
rul)be! gas tubing, log, I .sliows tlie flow diagram and the bridg(‘ arms. 

R(‘ferring to Mg. 0, tin* conijiarison chamber A is milled fi'om poly 
■>tyr<‘ne sto(d< and is afjiiroximately 2,1 in, long and in. scpiari' (inside 
mea.sm emtmts). d'he detacliahle lid is sealed with a gaskid and <'arnes 
tin? balaneing ixcsistoi* k.(i. ddie resistor is s|)iral-wonnd to 20 ohms 
with approximat(‘ly 3ft. of 34 g. nichroirie on a mica forimu' of ei'iiei- 
torm shape, giving good lieat extdiaiige between watm' am! wire. 

d'he absorbing wislge, idg. 6B, is milled from polystynuu^ in thi‘ shape' 
of a pyramid tapering in two dimensions and is 2.1 in. long, breadth and 
width being such as to form a .snug fit inside' .standa.rd 3 cm. wa\'('guid(^ 
(.1 in. X 1 in. bU.) d'he waveguide itself, shown preijecting from unit in 
f'ig. 5 has a “ ne)n-m('tallic ’ ' sliorting plvmgeu’ (not sheiwn in Mg.) at 
the. remote tmd of tlu' polystyrene wedge, t}u‘ inlet and eiutlet })if)e e)f 
vchieh protrude through the sheirting plunger inte) the unit itself. 

Matching stubs shown in log. 5 wen' {inivideel on the guide' but 
ae'tually pre)\'e'd imne'ce.ssa,ry in ejperation. 

d'he wedge' as de'.scrilx'el has in. walls and a e'ubie' eapa,('ily ol 
ai)pre>x!ma,t(dy 3 cm. Its taj)er inte> two planes exuises ali.soiption 
to be^ graeiual amd aJmost complete. Measnre'ine'nts at low powe*r plae'c 
its efiicie'ncy a,t 98 pe'r eamt. 

d'he' bridge* chamber assembly is shown at log. 8('. ddie four bridge* 
<irms, exiedi e'onsist eif appre)xiinately 34 in. of .005 nicke*! wire wounel 
iieli('all\' on the* hollow })olystyrene tube | in. O.I). The' ,J in. tnl)e' is 
in'ld insiele a in. 0.1). polystyrene tube by end spacers anel the wdiole 
eT'ine'ntt'el tightly wdth ])e)lystyrcne cement, d'he in. insiele tube* pro 
tniele's i in. e'itlier cnel tei adkiw of rubber tube intcrcomie'cOions. d'wo 
<u'ms are' aea'oimnodate'd on a erommein tube inside the* mielelle ediami)(*i 
:uiel one' arm e'aedi in the* 2 outer chambers. 
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All chambers are supported in end-clamps of | in. polysiyivne witli 
an upper terininal board also of polystyrene the whole forming a, rv^ul 
assembly. When in use, the assembly is held in 3 de(‘]) slots in a bhx'k of 
sponge rubber about 5 in. square, thus heat insulatini^- adjacimt ('hainlxas 
and also providing a shock-proof mounting. 

A, B and C are all accommodated within tlu' ('.alorinuder unit, 
which is of sheet steel with lining and partitions of \ in. s])onge rubbes. 

I) shows an 11 -junction copper-constanton thermocouple original!\- 
built to be installed in the water circuit in addition to A. B and (' to 
give quick direct readings on a galvanometer. However the caloii 
meter itself has proved so quick-reading tliat the thermocou|)le section 
has not lieen added. 

A design weakness has since been revealed in tht‘ ('alorinuHer unit 
in that the bridge arms of section C are not readily acct'ssibh' in (‘vtmt 
of breakage of one of the nickel elements. At a later dat(‘ this stndion 
will be amended so that construction follows in essence tliat of tlu' 
comparison chamber A. (See Appendix). 

(4) Corisiant-Head neater tank. 

This is a simple copper tank of capacity about | cii. ft. 'Tap water 
is introduced through a in. pipe at the bottom and carriial off througli 
a 1 in. overllow near the top. The whole a.ssenibly rnounts 7 or 8 ft, 
up on the wall above the calorimeter itself. The feed to the ralorinieter 
is taken off in in. 1. 1). rul)l)er gas tubing, with a})pi'o|.)ri;)t(.‘ adjiistal)le 
cocks to vary water flow. 

Water Fi.ow Reouired and ImnoKs Dihuding l^'i.ow 

In ari}^ calorimeter system it is desiralik' that a))S()liite t<’ni])eraturi‘ 
rise be as small as possible. A rise of one degree is generally ('onsideierl 
the maximum desirable. 

In this particular system, however, it was felt tliat since iiornia! 
heat losses balance out and can be disregarded, a teni])erature rise of 2' 
centigrade should not be excessive. 

Now,' 

Wt === J X M X S X ' -e. 'r 
Where W watts dissipated 

t = time in seconds 
J = Joules equivalent ( =4,19) 

S = specific heat of water 
A T change in temperature 

M = mass of water per second. 

From the above equation it is found that if //!' is to b(‘ 2“ and 
W 80 w. then M = 9.6 g./sec. — 570 mh/min. a])pn)ximaU‘ly. 

In the design of the instrument, tlierefore, a s[)et'(l of at h'ast (>00 
niL/sec. was aimed at, this being the deciding factor in choici' of boro 
of all tubing in the water circuit and in positioning of constantqm'ssurt* 
tank. The full speed of water flow on “ high '' power is just 6(f0 mi./s(‘e. 
hence it is safe to assume that a T does not exceed 2‘h 'Fhe [>ow(‘rs 
most commonly required to be measured are in the vicinity of 40 w 
and in the region the temperature rise approximates one degrccL 

On ‘Oow power water speed is dropped to ap})roximately ISO 
mi./min., which permits the same temperature rise above amlhent. 

Fig, 8 .sliows a graph of water speecl VS, power rccorch'd at several 
different speeds. It is seen that the curve is cpiite flat and that tlu‘ 
power extrapolated to infinite speed is the same as that rcicordcd at 
the higher speeds. 
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9 shows tlie reUition between “ null meter reading and absolute 
tein|)(‘ra,tur(‘ change, recorded with a sensitive Beckmanns thermometeiT 
Tfic indicTitiiig system as a wJiole is responsive to changes of 1/100", 
or a|)proxiinatt‘ly i w. This is a reading accuracy, at usual powers 
in th(‘ -10-50 w. range, of 1 ]:>er cent. Actually tlie overall accuracy 
of th(‘ i list ru merit is dependent mostly upon the accuracy both inherent 
and ixsiding, of the a.c. ammeter and voltmeter. Ifxperience so far 
suggests that results can be depended on to better tlian 5 per cent, at 
normal j lower levels, wliicli is quite liigh accuracy at centimetre wave- 
lengtlis. Oixxisional variations in tap-water temperature are shown 
as a quick !lu('tuation. 

In use, 1 min. is sufficient to reach “cold’' ecjuililirium, ai)ou,t 
5~!0 see. for [lower to be absorbed in the wedge, and ii[) to 1 min. to 
adjust and read the balancing power, this depending somewhat on the 
amount of exjK'rience the operator has had. 

Conclusion 

1‘iiis design, whi(di has [iroved successful at 3 cm., could be suitably 
ada[Te(l for mi^asurement of R.F. power at other frequencies and power 
levels, aiul with coaxial as well as wave-guide outputs. In tlic case 
of coaxial liiu' outputs a, section of tlie line itself miglit be used as the 
load rejiladiig tlu^ polystyreru' wedge, with a watcrtigiit partition of 
a di(*l(‘('tric, whose dimensions and dielectric constant ai'e such as to 
('a,ns(‘ it to act as a. matcliiiig transformer between line and water load. 
fiH*rea.s(al powers could be ca.t(‘rcd for by irKO'eased rate of (low through 
the system, h.ither (\W. or ])iilsed power may be nK'asurefl. 

Appendix 

work (lcsc'rih{‘(i in tliis paper was carried out durijig the latter half of I94(L 
lu tlu' interiiii, eeitaiu aincndmcnis liave been iriade to tlie iirigina! e(|ui[>nKiiU, 
while (Uiscriptions of similar equipuienl have since appeared in other publications, 
and reference to tlu'se .sources is now giviu. 

lu section (3) nbovc, final I'lara.fjrapli, mention i.s made of a riesign weakness due 
to inacressibilit\' of bridge arms in tlie event of a failure. ;V modified assemldy has 
been tried out, in which the bridge arms are contained in separate chamliers milled 
from }K)Iystvrene and following e.ssentially the form of the comparison chamber (Sec- 
tion 3). d'lu* nickel elements are wnjund on a, mica former of cruciform shape and 
.sup])ori(!d from the detachable lid, which is sealed with a gasket. 

This has improvx'd the irnstrument considerably from the maintenance as|>ect. 
liowev(‘r, tlu're is some loss in sensitivity and speed of reaching ec[uilil)riiiin, due to 
the greater water-volume of the chamber, Hednetion of iiow speed is of assistance 
iu overe.oming this, and the greater teirqierature rise does not seem to affect accuracy 
to any obstn-vable degiaan It is noticed that overseas workers ('I'lirmw (I94b), Mont- 
goni<*rv a/. (1947)) have accepted (piile high values of temperature ri.se, relying 
on the seif"Com{a‘nsatiug action of tJiis method to nullify the effect of increased 
radiation losses. 
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Fig, 1 Nymphs and Soldier of C. a('i)iai'il'onnis' 

In lhej.)ost found by Mr. Barnes on the S.S. h'orl Pie” (lllh 
April, 1947), however, were nymphs showing- well developed wing l)uds 
(Fig. 1). On maturity as alates these insects would be ca,])al>le of selling 
up new colonies. Nymphs may also become supplementary n‘pro<luc 
lives without maturing normally (Kelsey, 1945), and in this way enabh* 
the group to establish and multiply. It can be seen tliere fi >n\ *that the 
presence of nymphal forms in itnported timber constitutes a d(dinite 
menace. 
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the t'oiony and on Fontrol Measures. iV.Z', J. Sri. and 4 rrii., 2o (.Van 
/H, 553-9. 


223 Thk N.Z. Jot’RNAL OF Science anj) I'EcnNoujGV (Jan. 


A NOTE ON THE OCCURRENCE OF COPTOTERMES 
NYMPHS IN HARDWOODS FROM AUSTRALIA 

Bv K. M. I Iarrow, Wood Technologist, Maiit Diseases I )i\ isioii, 
Department of Scientific and Industrial Besearcli 
(Rrrrivrd for publirafion , 24)1 li July, S417 ) 

Ria'F.N'rLY, in a shipment ot hardworxl from Australia, Mr. A. \\ 
Barnes, Auckland (Aty Termite inspector, found a post wliicli contained 
<'i miinber of nymphal forms of Co ftoicruics aciitacifonnis frog, for 
some time, nymphs liavT'' been coiisidert*d to be the }<)rni in v\'hicli origi 
iiators of the estal)lished colonies in New Zealand rtA’iched 111 is country 
but although they have very occasionally been lound in New /.(‘aland 
with forage parties some distance from the parent nest ( Harrow, BF12), 
thev have not prex'iousl}' been observed among groups of Co /rlolyrinrs 
which ha\a* been arriving in hardwood from Australia. In tlu‘ past, 
these have iin'ariably been normal forage parties of workers and soldit'rs 
which can not reproduce and therefore do not constitute a danger. 
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OPTICAL PROPERTIES AND CHEMICAL COM- 
POSITION OF VIVIANITE DEPOSITED ON WOOD 


By J. J. Reed, New Zealand (geological SuiA’ey 
{Jx'vcclvcd for puldication, :ind Decauber, Id 17) 


Summary 

'I !i(‘ ()j)li(';il j)ro|)ci't:ics and dioniical ('om{)()sil;i()n arc* !L;iva‘n lor 
(iron pliosidiain Inpjl UO.ijo.HI I oO) de|Kxsited by secondary solutions on wood. 


RECiCN'r stiKlies of vivianite (Fe.j(P(Xj),^.8H2()) and other ininerais la'loii 
ging to the vivianite' gronp (Wolfe, 1940 ; Barth, 1987 ; 'Fakaiu' and 
( Iniori, 1980) ha\'o considerably added to the knowledge of tlu\se iniiuvrals. 
The <)i)[)ortunity was therefore welcomed of deterinining tlu' optical 
propQ‘rrii\s and chemical composition of a vivianitt' specimen forwarded 
to the* (i(a)i(ygical Siirw'.y Department by Mr. L. I), ('aldwell of Ashlmrst. 

11u‘ \'ivianite in the specimen (P.10(i8P‘') is royal bine in colour 
and (X'cirrs both in massive form and in slender prisms up to I cm. in 
length. The jirisms jiossess a. vitreous lustre and some otamr in a radia- 
ting pattern. 'Fhe vivianitt* has been deposited upon wood, the structure 
of whic'h is still \’isible witli a hand lens ; tlie wood is dark brown and 
almo.st opaqiK^ under the microscope. The source of tlu' iron phos{)hat(' 
solutions forming the vivianite is not known. 

* Cntnlngiu' number of speeinu'n in the rnineral and rock iiuiseviin of tlie New 
Zealand ( 'i(M)lujj;i(.a! Surve^y . 


'l ABLK I 


Sani|)le 

(h 

(H): 

Sio., 

nt. fd. 


Ab,0.j 

nt. I’d. 

0.31 

Eco(.).> 

5.10 

4.27 

bVC) ' 

’1=35.63 

37.20 

rio., 

trace 


C‘aC) 

lit. fd. 

0.85 

M^O 

nt.Td, 

0.57 


27.15 

27.25 

'Fotal 1:1 oC) 

28.36 

27.55 

MnO 

0.72 


( )rganic nuitter 

C 2.88 ; 

1.42 insolubh. 


99.84 

99.42 


Dtdermined by ,l'. J, S(‘elyo, 

(i) Vivianitty AshhiirHi. Analyst, 'l‘, A. l\*after. 

(ii) Vivianite, Moravia (Dclisek, 1935). 

Tlie vivianite was separated from tlie wood by bromoform-benzeiu' 
mixtures. In 'I'able I, an analysis of the vivianite by Mr. '1\ A. ]4after 
is quoted together wuth an analysis of vivianite from M(.)ravia. It will 
be notcNl that the analysis indicates that the vivianite contains 5.10 
]ier cent, ferric oxide. Fresh vivianite is colourless (Dana, 1892, p. 815, 
and Winchell, 1988, ]), 126), the blue colour of most specimens resulting 
from th(‘ oxidation of the iron. P'rom the analysis it may be calculati'd 
that 82.98 jier cemt. of nnoxidized vivianite is present, or 84.62 por 
cent, if tlu‘ manganese revealed by the analysis is inferred to l)e an 
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isoin()ri)lH)iis n^placenient of ferrous iron (Fe++) in the \'i\’ianite a likely 
{)()ssil)ility in view of the similarity of the ionic, radii of tin' rati(ms kr I 
and Mn ' t. W'hen the blue viviauite is crushed a white' or hliiisli whiit' 
powde'r is produced, but this rapidly changes colour t(j d('ej) blue. 

TABLii LI 


\'ivianit(^ 

'hi us pa})er 

Wolfe, 1940 ; l/arsen and 
Herman, 1934; Wiii('lH‘!l 1933 

Dana, 1932 1 

drirl), 1925 

a 

iS 

1.581 s n.(M)l 

1.579 

1 .580 

1.5816 

1.305 - 0.001 

1 .603 

1.598 

1 .6042 

y 

y -- a 

1.633--! 0.001 

1 .633 

1 .627 

1 .6365 

0.052 

0.054 

0.047 

t).()549 

2V 

Optic sign 

85 -■ 3 (meas.) 

+ 

83’ 

■h 

28‘^ 

r 

29'' 

y A c 

28° 

28° 

h 

Dispersion 

r < ■(’; wea k 

r < V \vT.a.]v 

2.6 

2.678 

Sp. Gr. 

2.39 

2.676 (Wolfe); 2.6 (Winchell; 
Larsen and Bennan); 2.711 





(Calc., Barth, 1937) 



Cleavages 

(010) 

fOlO) 

(010) 


Hardness 

2 

1.5-2 (Wolfe): 2 {Winchell) 

1 .5-2 


The <>])tKal piojHitK 

s of tlie vivianite are tal)uhi ted in 

Tuhh‘ 11 


and foi coinp<nison data obtained by otlier investigators are iiK'iudecL 
The rdiactne indices weie measured by tiie inmu'rsion method and 
the valiu's detenuined witli sodium liglit. Idu' spo('ilie gravity was 
measuu'd by a pycnometer using toluene as tlu‘ immersion liquid and 
also by a Ikuman density microdialaiicc'. Tlie figure obt;nned in lioth 
cases (2,59) altliough comparable with that (|uoted l)y W’inehell 
Dana (1932) and Larsen and Berman (1934), is lower than tlx' xmliu's 
given by W'olfe (1940),’’ and Ulrich (1925), and consid(M*al)ly loW(‘r than 
the calculated value (2,711) of Barth. (1937). This low figure laannot 
be due to the presence of the Bobierrite molecule (Mg.g B( 8 11.^0) 
since the analysis failed to reveal the presence of magnesium, and 
possibly results from the presence of organic matter (2.88 per ('ent.). 

The vivianite is characterised by strong pleochroism in bimv I'he 
pleochroic scheme is given in Table III, where it is compaix'd with the 
data obtained in earlier studies. 


'rABLE HI 


Vivianite 

'I'll is Paper 

Winchell (1933) 

Dana (1932) 

Hlridi (1925) 

. : X ■ 

Deep cobalt blue 

Very deep blue 

C'obalt blue 

Dec‘p bbie 

Y 

Colourless, or 

Nearly colourless 

I kile green isli 

iWle liluish 

Z 

pale blue 
Colourless, or 

Vei'y pale olive 

yellow 

Pale greenish 

green 

Pal(,‘ yellowish 

Absorption 

pale brown 

X'> Y 

green or brown isli 

yellow 

green 
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APPENDIX 

DltSCRlPTION OF C HEMIC Al. AnAI.YSIS 

By 1'. A. Kafter, ('Iiemist, DoiTvinicn Ivaboratory, I)epartiiieiit 
of Scientific and Industrial Kescarcli 

TfiE |)r('scric(' of organic rna.tt(‘r in tlie sani[>le as sent in for analysis 
(N (iTiplicaited tlie procedure adopted. 


ItsiiMATioN OF Organic Mai'ter 

To a. \v<'igia‘d SB ml. jjatiiMim basin |)Iiis |)la.tiivuivi stick was added 
9.5 g. of sa.nipU'. Tlie vivianite readily dissolved on vvarniing witli 
20 ml. of 1:3 !K‘l, leaving tlie organic matter. 'Tin* soluble pttrlion 
was rcmovtal by a]){)lying gentle suction to the lillerrd stick and the 
rcsidiK* thoroughly washed witli warm water. A fnrlhei" treatnumt 
of the residue witli 10 ml. of acid to remove possibh' trar(‘s of vivianite 
was curried out. The iinal residue was dried to constant wedght at 
H>5"'c. Weight of residue from 0.5 g. amounted to 0.0164 g. After 
ignition a small residue 0.0020 g. con.si.sting largely of iron oxide remained 
which on solution in HCl was added to the main solution. 'The sanpik^ 
contained, therefore, 2,88 per cent, organic matter. 

A NAiA^sis OF Organic Matter 

A further 1 g. sample was taken and treated as above, l>ut after 
obtaining tin' weight of the organic matter it was carefully hrusluxl 
int(» a small wcigh(‘d platinum lioat, and the boat ]“ew(‘ighed. By 
('ombustion in oxygem and absorption of the carbon dioxide and water 
formed, it was found that the 2.88 per cent, organic matter was ('(piiva- 
hmt to 1.46 percent, oxygen and 1,42 percent, of waiter. 

The Soluble Portion 

As the ratio of iron to phosphate in the solution wais unknown, a 
solution containing appro.ximatcly 20 mg. of wars added, so that 

there would be sui'hcient iron present to jirecipitate all the phosphate 
by ammonia, and so avoid contamination of the jirecipitate by 

lime and magru'sia.. The same volume of iron solution was added to 
tlu‘ i)Iank to enable the necessary deduction to he made. 



227 KEiii) Oi-’TiCAL PROPi'£HTn-;s and Chemical CoM!''osi'rioN (Jan. 

OF Vn'iANiTE Deposited on Wood 


Analysis 

To tlie blank and tlie HCl solution obtained as aliovc 5 mis. ol rime, 
HKU.j were addcal and the solution evapfarated down in a eox-invd HMI 
ml. [)('aker, to ensure complete oxidation of the iron to the !ri]-ic slate. 
After dilution the usual procedure as for rock analysis was rarri<‘d ceo! 
for the lij). i;roup ] silica if present, removal of inanyaneso !»\ 
bromine waim', and an examination for the presence of lime and maenesic,. 


1^'errous Iron, Manganlse and Phospiiate 

Were determined on separate portions of tlie sain})lt^ l)y the con 
veiitional metliods. 

Water Ivstimation 

(a) Ifh'Pcr Minus. 

()iK‘ gram of the sample was dried to constant weight at IPS il 
F our one lioiir periods were required before constant weight could be 
determined. 

(b) Water Plus. 

An attempt was made to olitain this ligiire by ignition in a well 
covered crucible at tempi i atm es up to 500^c., but owing to ila* change 
in colour of the residue mdu almg oxidation and the uncertain biTas'iiaif' 
of tire organic niattei also |.)icsent, tliis metliod was aliaialoued, 

(c) Total Water. 

'riiis was deterniined by combustic)!! in oxygen and abso! [)tion of thi 
CO^ and HgO formed, in solid reagents as is th(‘ usual praetic(‘ in the 
determination of carbon and hydrogen in organic ma.tl(‘r. i'>y thi> 
method 29.78 per cent, of water was formed, from which ha.(i to bv 
deducted the water formed from the organic matter present, i.e.. 1.42 
per cent., leaving a total water percentage of 28.38 {:)er (uait. 
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Summary 

A (h'scripl ioji ol tin* 1 opo^n'rnphit' aii<l ^‘eolof'ic ('(vndiiioiis of tho Mataiirn 
\'<il!cs <lc]){)Hil.s i.s prt‘S(inlt,‘(L 'Llu^ area <jiscuss«‘(l {'xU'tuls fioiii < Ion* 

south to the (’oast, atu! west, as I’a.r as Makan^va River, a,U(l is b(»iiiukHl in the 
east hy Mataura l\iv(T. It liirs within the Rrovisional ( )ti(* Mile sheets S/l(i9, 
S/17tL S, 177, ST7S, S/LS2, and S/ISd, ovtu" tlu^ follovvin^i^ survey districts in 
tlu' Southlund land district: Waiiruinru, landluirsl, Lothian, Mataura, 
d'uturau, Wyndiiain, Olerainika, Invercargill, Canipbelltown, and 'l'oel(n\s. 

Lignite has been mined since tlie "seventies", but in the last decade 
its us(‘ as a fuel, both domestic and industrial, has in<'reasc‘<l, witli a corro' 
sponding sharp rise in procinction . The greater quantity is won by stripping, 
but only at one pit is modern earth-moving and digging (‘tpiipmenl used, 

'I'he development of the lignite mining industry is discussed, and 
estiinatcH of tlie probable recoverable quantities of lignite based uu old 
workings and outcro])S, and of the inferred or hypothetical reservi's in various 
areas arc presented. The total lignite probably rccoviirable is 25,800,000 tons 
from the presetit workings, and the total inferred reserves 152,700,000 tons. 

Areas ixvom mended for drilling, should any large scale industr\' using 
the lignite be; contempla.ted, are delineated. 

An accoiint is presented of the proposed method.s of iigiiib' utiliziaLion, 
togetlier with iaborntory comnient.s on these proposals, particularly on tlu' 
briepah ting tests. 

Location 

'I'liK Mataura Valley lignite tield refeiTed to in this report is that area 
(extending from Gore south to the coast, a distance of forty miles. The 
field in its northern part is bounded by the Hokomii Hills to the west, 
and the ('linton Hills to the east, but towards the coast it opens out in 
the Southland Plain, the river following closely the eastern margin of 
the plain, where it butts against the seaward hills. The towns of (ioxx*, 
Mataura, Pdimdale, and Wyndham lie on the river, the first two being 
tbii most important, I'lie area is well roaded and served by the Inver- 
('.argill -Dunedin trunk railway. 
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1948 ) Wirj.KTT — ^^P reliminary Report on the Lignite 

Deposits of the Mat aura Valley, Eastern 
South LAN d Coalfield 

North-west and nortli-east of Gore, on the Waimea Plains and the 
Waika.ka.-Pnkeraii area, tlie lignite deposits continue, but as they are 
not as extensive as they are in tlie main part of the lield, the Mataura 
area, they are not considered in this preliminary report. 

To tlie south and east the lignite measures occur under the gravels 
of tlu' Southlaiul Plains, and crop out here and there, where they are 
worki'd on a, sniall scale. 

'l'h(‘ artxi discussinl in this report lies within six Provisional One Mile 
sheets S/i69, S/170, S/177. S/178, S/182, and S/183. 


Purpose of Investigation 


The Southland lignites have for many 3 ?^ears been a source of clieaply 
won low-grade fuel, and have served an ever-increasing liouseliold and 
industrial niarket. Recently, the briquetting and low temperature 
carbonization of the lignites has been proposecl, and some investigation 
along these lnu‘s has already been carried out (1). The lignites occur 
o\ci a \M(k au <i and =ire worked on a small scale at many points, mostly 
opuu ast 1 hen wide and persistent distribution has suggested the 
piestmi of an extensive field, and various estimates liave at times been 
rnach of flu lignite available, but none based on geological grounds. 
Utilization of the Mataura lignites has now become a feature of local 
legional planning and so fielel mapping was carried out in order to gain 
a cleaiu \u\\ ol their exteuit and availability. 

I h( ()!)](( 1 of this report is to present the results of the field work, 
with pcutuiihu attention to the lignite deposits and to the areas siig- 
gi'stul foi liituu dulling investigation. The geology is not discussed 
mditaii 

14 iPOGRAPHic Con ditions 

Tlie art^a oixuipied l)y the lignite measures lies betwxien tht^ Hokonui 
Hills in tlu‘ west and Clinton Hills in the east. Tlie Mataura IGvcr 
flows in an entrenched channel from Gore almost to Wynclliam, hut 
from Wyndham to the mouth at Fortrose the entrenclimeiit is less 
pronounced and the river meanders to a greater degree. Over the 
Waimea Plains, north-w^est of Gore, the river is only slightly entrenched 
and has a fairly meandering course. There is a fall of six feet in the 
mile. 

Bordering the river is a series of well marked terraces. The lowest, 
known as Mataura terrace, is 20 ft. above the river level and confines 
the prestmt river. The next level is the 5() ft. Brydone Terrace, gravels 
of which are similar to those of tlie Mataura 'Ferrace. The gravels of 
the }.)resent river are rounded cobbles and pebbles com])osed of greywacke, 
sui)-schists. and cpiartz in even proportions. 

Betwixm the Brydone and the top terrace, the 100 ft. Waimumu, an 
intermediate level developed forming the greater part of the coastal 
jdain, the 150 ft. Karnahi terrace, inade up of well consolidated, but 
thorn uglily leaclied, gravels. The quartz that makes up 60 per cent, 
of tlu', gravels remains, the non-quartz rocks being all completely de- 
composixl. giving a rusty-brown colour to the gravels. Ail the flat 
toppt.'d spurs that form the Waimumu district south as far as Pebbly 
Hilis represent the Waimumu terrace level, 

'riu\sc terraces are important because where tliey cut across tlie 
iigniti^ measures, and frcxjuently at these places, o])CTU'ast or sometimes 
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underground operations have been carried out. Most <)l tiu' prc'scnt 
strip workings are situated on the sides of the main W'aiinuinu - kainahi 
terrace level. 
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Deposits of the Mataura Valley, Eastern 
Southland Coalfield 


Geology 


Tlie following is the generalized stratigraphic sequence of tlie beds 
in tlie Mataura Valiev 


A.l'c 

1 /d iudoj^^ienl De.scription 

Local Name ^ 

'I'hickness 

Kccoiit: 

Kiver and terrace gravels, loosely 
consolidated, composed of grey wacke 
and minor (jiiartz cobbles and peb- 
bles 

Mataura 'reri-a.ee 

(imet? 

2i) 

Pleistocene 

River and terrace gravels, loose grey- 
vvacke witli minor ([uartz pebliles 

Brydone 'I'erraee 

30 

Pliocene 

M.aori 
bottom (?) 

R nsty -coloured, decom posed grey- 
wacke-qiiartz gravels 

Kamahi I'errace 
Waimiimu I'errace 

50 130 


Unconformity 





: greasy tine siltstones and mud- 

stones u'itli interl)edded lignite and 
Carlionaceous shales. Auriferous 

i 


1,000 

Middle 

Tertiary 


Quartz conglomerate witli line, 
greasy, white mudstones 


200 

1 


Lignite seam with interbedded nuid- , 

1 ston(.‘s 


1,000 

JOuiTtroonian 


Fossiliferous sandstone, mudstones, 
i calcareoiis sandstone 


1 , lot) 


1 Unconformity 

:c"': 


j urassic and 
Triassic 

Ikisernent rock, indurated sand- 
stomjs, day stones, and conglome- 
i rates 


' 21,000 ■■ 


I'iie above sec|iicnce of beds occurs on the west, side of the valley, 
the lower beds being upturned at a fault contact with the basiunent 
rocks. On the east side of the valley the facies cliange and the fos- 
siliferous beds are mudstones associated with lignite measures. Tlie 
quartz conglomerates are absent. The fossiliferous beds occur at several 
points along the bank of the Mataura River between Mataura and 
Wyndham. 

Lignite Measures 

I'hc lignite measures coiLsist of a bedded greasy sandstone with, 
interbedded lignite seams and carbonaceous shales. The mudstones 
at several places are bedded and carbonaceous. The seams range in 
thickness from 8 ft. to 65 ft., and at several places two seams are seen ; 
in one case two are worked in the same pit — namely, at Larking’s Hedge- 
hope pit, where an upper seam of 10 ft. is separated from a lower seam, 
15 ft, f thick, by 5 ft. of greasy mudstone. At the Mataura Paper 
Mills pit, the upper seam 20 ft. to 25 ft. is worked, and is separated by 
5 ft. of greasy mudstone from an underlying seam of 10 ft. thickness. 
Splits such as these have been encountered in other workings such, as 
at tlie Firelight workings, where the 6 ft. upper seam is separated by 
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5 ft. of greasy niudstone from a lower 19 ft. seam, ft would not be 
correct to assume that these splits indicate two seams ovtu' the area, 
as the seams and the inteiTedded mudstones vary in thickm^ss, tlie 
latter in places thinning out to produce some of the thick seams of lignite 
encountered, such as 64 ft. at the Waimumu workings. 'To what (‘xttuit 
the seams are consistent and to what extent they thin and tliicken is 
yet unknown, but it appears certain that they do vary, and this must be 
borne in mind when discussing the field. 

There is some evidence to suggest that the lignite persists along the 
strike for a considerable distance, and then grades into carbomua^ous 
shale. Nothing like that, hownver, has been encountered in any of the 
workings, but outcrops along the bank of the Mataura liivcY sugg(‘st 
such a thinning. For this reason it has been considered rt^asonabU^ t() 
assume an extension of the lignite over an area 20 chains in radius from 
workings or good outcrops as a quantitative basis. 

A change in lithology takes place from west to east. In the east 
the quartz conglomerates and fossiliferous sandstones are absent, being 
replaced by blue-grey siltstones, which are fossiliferous at several points 
of the Mataura River. Preliminary examination by Dr. Finlay and 
Dr. Marwdek suggest that they are approximately equivalent in age 
(Duntroonian) to the fossiliferous sandstones of the w^est side of the 
valley (i.e., Mandeville Road; Whisky Gully). 

Structure 

As to the south the area is completely blanketed by recent and older 
gravels, the Waimumu-Mataura area yields the most geological infor- 
mation. 

The Tertiary beds have low dips, and over a large area strike nortli " 
east. They form a series of gentle folds with low dips (5''). 'Fhe Ixxls 
steepen as the western boundary is approached, when^ tluy a.n^ faiiUtid 
against the Mesozoic basement rocks. The western fault !)onn(iary 
extends from Hedgehope River to the Croydon, then the boundary 
swings round a nose of basement rocks that lies between tlK‘ Mamhiville 
Road and the Waimea Plains, the fault itself continuing across the 
Mesozoic beds forming the nose. Near the west border an anticline, 
dipping 25° to 30°, trends parallel to the fault for a distance, then swings 
into it at the Mandeville Road. 

To the south of Mataura near Brydone, a buried ridge of basement 
greywacke extends across the valley, the Tertiary beds having been 
stripped off it and replaced by recent gravels. 'Fhe greywa(d<e rro]>s 
out in the face of the Brydone Terrace at Brydone, and this is tlu^ most 
westerly outcrop of the buried ridge. It marks an area wlien^ tlu^ 
lignites are absent. 

On the east side of the valley the Tertiary beds form an erosion 
contact with the basement rocks, and here and there with remnants 
of the former Tertiary cover. The beds forming these remnants dip 
at low angles and do not suggest infaulting. At scv(jral points tlui 
lignite occurring in the outliers has been worked, but only on a small 
scale governed by the extent of the measures. 

Production and Growth of the Industry 

Records of the production of the larger operators are readilv as- 
sembled, but the host of smaller operators and privatcj pits wlioscre.vis' 
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tiMUT' was short or spasmodic make a complete compilation of the total 
prodiK'tion and history of the field difficult. 

()\-(‘r the' whole a,rea from the Waimea Plains to the lower Mataura 
Valley in fae't, eastern Southland — approximately one hundred and 
forty si'parate workin.LLs have at one time or other Iktii operating. In 
1945 theix' W('ix' sixtc'<Mi lipnitc-pits producing in all 79,882 tons. Three, 
a!! in the Alalanra area, produce over 10, GOO tons annually iiam(‘l\' 
Boghead (11,019 tons), Hedgehope (11,128 tons), Mataura Paper Mills 
pit (21 ,875 tons). 

Lignit(‘ pi'odiu'tion was well underway by 1886, wlien tifteiMi rnines 
prodiK'ed a total of 6,092 tons. Two mines, oiu* at W'yiulliam and one 
at Core, had Ix'cn op(‘rating nine years prior to tin* first officnal r<*('ord 
in 1886 ; thus tlu' ixroixhxl production of lignite' go(‘s back at h'ast tn 1877. 
In 1881, M('Kay (2) recorded a thick bed (.»f ligniti' la'ing worlu'tl near 
tlu^ Mataura Bri<lge by Angus of Invei'cargill, and stated that it was 
being sent to In\xnx'argill as fuel. Hutton (3) (1875) do('s not mention 
any working of lignit(^ in the Mataura Valley, I)iit in his ix'porl (4) of 
1872 Hutton mentioiu'd tlu' {>resence of lignite there. 

Official ix'corils ('oinmc'iua* at 1886, but before that time the (piantit}' 
(T }ig'nit(' j)rodiK'('d wais lu-ohahly not greater than 6(),00() tons. Since 
that dat(' the production of lignite in eastern Soutiiland lias totalled 
approxiniati'ly 2,500,000 tons (1886-1944). This procluction is divided 
geographically as follows 



'Tons 

(;i) V\';iinu^a-\V;ukakri, north of (lore area 
(1>) (l()ie-\VaiinuniU"Mata,ura .area. ... 

(e) Hry<ioii<S“E(letuial(^-VVyntlluuii area ... 

(tl) Mtaizies Eerry-coasl ar<^a, 

04 WesU'in part to llu^ Ajiarima River ... 

(fj Mis('ella,neou.s pits (not localiisecl) ... 

804,038 

... 1,709,286 

88,786 

55,772 

28,112 

1,724 

1*otal 

XCstimated before 1 866 ... 

2,868,618 

60,000 

Grand Total ... ... 

2,448,618 


As will l)c seen, the greatest part of the total has been produced 
in tlie (.k)re~Wainiumu--Mataui'a area, which is still tlie area that is 
responsible for 89 per cent, of the lignite production of eastern Southland. 
The largest producers lie witliin this area, one, tlie Boghead Mine, being 
the only umkagroimd workings in the wliolc aina, and anotlu'r, the 
Paper Mills ITuTace strip mine, the largest producer. 

In the past there have been several large underground workings - 
nanuily, Crex'.n’s, at (iore (producing a total of 412,107 tons in fifty- 
two years), fkiattie ('oster's, in Mataura township (424,294 tons m 
sixty'Sevxui year's), the Mataura Collcrics just south of tin' pix'sent 
!k)glK‘ad Mine (249,790 tons in forty -eight years), Wliiterig, ntnr McNab 
(104,452 tons in fifty y(^ars), and the Boghead Mine at Mataura, still in 
o])eration (181,335 tons in the past forty years). I’lie chief umler- 
groiind workings were all adjacent to rail at one of the larger centres 
in order to reduce haulage costs and so compete with the strip mines. 
vSoine of tlie smaller workings have in the past been opencast, and thim for 
a .short wliile, umk’rground. In fact, all the niiderground operations 
began as .strij) mines. 

Hk' large scale operators generally work the one area for a ('on- 
sideral)i(‘ time, l>ut smaller operators tend to move on once the over- 
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burden becomes too great for them to handle, or, in the ('asc ol tliosc on 
the flats, water becomes a problem. This results in a largc^ number of 
abandoned strip mines, and in places underground workings, oxa-r tin* 
whole area, that are now full of water or buried under slumped over- 
burden. One reason for this is insufficient exploraiory work ii\ the 
initial stages ; drilling is carried out only by the largc‘r operators w'ho 
are in a position to afford it, while the smaller operator ■; ('onmn'iua* work 
on an outcrop, and, when conditions become too diHicult, move to 
another spot. 

The market has to a certain extent prevented ariy long rang(* d(‘\’elop- 
ment, as it is only of recent years that the demand ha,s bee.n suil'K'icmt 
to permit the smaller operators to produce lignite on a paying })a.sis. 
In the past most farmers had a small pit on their projX'rty from whicJi 
they drew their domestic needs, but now practically all that ha.s ctaisi^d 
and the local mines supply the farmers. A new featun,' over tlu* ])a.st 
decade has been the increasing use of lignite as an industrial iucl. I'lie 
New Zealand Paper Mills, for example, fire their boilers entirely on 
lignite from their own strip mine, about 100 tons per day, and the 
Waimumu Lime Co. burn lignite in their drier. With the difficulty 
of obtaining the sub-bituminous coals for domestic use, the lignites, 
have now become firmly established in the domestic market, and the 
present number of operators (fifteen), can barely cope with the demand. 
It is even railed as far north as Dunedin. In eastern Southland the 
number of lignite workings has increased somcwha.t since; the 1920\s, 
but the rise in production has been much steeper. 

The graph (Fig. 3) shows the total production of the easicu'ii South- 
land lignite field, together with the total number of mines opt'.raling. 
It will be noted that increase in the number of such miuc's did not 
produce a corresponding rise in production. This is <;xplain(‘d !>y flu* 
fact that the main variation in the mirnber of miii(*s op('raliiig was 
caused by increase in the number of private mines i.e,, those* operat(‘<l 
spasmodically by a farmer for his own domestic luauls. Over tin* last 
two decades the private mine has practically ceased to i‘xist. A sharp 
continuous rise in production is indicated, commencing about 1935, 
and it will be noted that the number of mines operating is low and 
actually shows a decrease. This production rise results from an in- 
creased demand for the lignite fuel for both domestic and industrial 
purposes, and increased use of mechanical earth moving and digging 
gear. 

Devei^opment 

There has been no systematic development of the area. Outcrop 
mining has been the general order of things, and even to-day in only 
one opencast pit, the Mataura Paper Mills, do tlie o],)erators use luociiaii 
mechanical earth-moving machinery, with aconsccjucnt gre.attu' effi('it;ncy 
of production. The initial stripping in some cases is to-day carried 
out by a bulldozer, but the digging and loading of the lignite; is still 
largely by manual labour. 

The plan (Fig. 1) shows the location of all tlie present workings 
and most of the past workings. It will be seen by comparing these 
plans and the topographical maps that the operations are confined to 
the flats or creek valleys and to the terrace faces. I'hc terraces have 
offered, and still offer, the most interest to opeiicasters because of good 
drainage ; and where the lignite outcrops indicate a reasonable quantity, 
much of it can be won before the overburden to lignite exceeds 1 to 1. 
The lignites crop out along the terrace faces where not comphflely 
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Greeifs, Beattie Coster's, and Mataura Colleries and tlic* prc'snit 
Bogliead, all underground mines, are located in the Id'rrace Hats, (ireen 
being on the flat formed by the Waimumu Terrace, the otliers all in the 
Mataura Terrace. Most were started at the beginning b}’ opencast 
workings at the outcrops, but water and stripping soon ior(a'd the 
operator to work bord and pillar underground. 

The lowest terrace level, the Mataura, has been tht' S('en(‘ ol a (oai 
siderable amount of mining, particularly in the vicinity of th<‘ town of 
Mataura ; up to 1945 approximately 850, GOO tons hav(‘ Ixmmi talcen from 
this terrace. At present only two mines are operating in it. ()nl\’ at 
a few^ places has the face of this terrace been worked, but over its surf act' 
lignite has been found and exploited at depths ranging from a ft'w f«'(‘t 
to 30 ft. 

The greater part of the lignite won in tlie ()t;i (h'cek - VVyiHlhani 
area has come from workings on Mataura Terrace ; and water in most 
cases has been the chief problem as the water table and toj) of tfie lignite 
are very close. 

The next terrace, the Brydone, has not had sucli (h'velopinent ; 
in fact, only where the Brydone Terrace merges witli the Kama hi t)r 
Waimumu and cuts across the measures has any ligiiitt' l)een worked. 
At the base of the Kamahi Terrace on Brydone Terra(x; Ikit tluax* has in 
the past been some scattered small workings, particularly in tin' Idh'ndah.' 
area. 

On the east side of tlie river at Riverview, four a.nd a half rriiles 
up“Stream from Mataura, strip and underground work was ('arric'd on at 
various intervals from 1891 to 1932 on a relatively small scab' in tlic:! 
face of Brydone Terrace. 

At the Kamahi Terrace there has been little dmaHopincnl, l)id them 
is evidence of extensive lignite deposits over this level, from th<* hkhaidahi 
Hill to the coast at Invercargill. The lignite is fixxpiently encoiniten'd 
in welhsinking, drainage, and other excavating operations ovc^r this an^a. 
It has been worked at Woodlands and Woodencl, and is still w(>rk('d at 
Asher's Siding, where 53,372 tons have been won in the past forty- 
three years. The lignite of the southern part of tiie Kamahi 1'errar(.'. 
level is of a slightly lower grade, that at Asher's Siding as low as 0,930 
B.T.U's. per pound. At the northern part of the Kamahi 'Ferrace, 
where several streams have formed long, shallow gullies in tlie Waimumu 
Terrace down to the Kamahi level, the valley has been worked at siwiu'al 
places, notably in the Titipua Valley. It is along these valley floors 
that suitable areas for opencast work could be proved. Water iuis 
been a problem with the small scale operator, for the lignite is just 
below the creek level, and the valley floors, being flat and swamfiy, 
flooding is an ever-present danger. 

On the west side of the wide valley of the Hedgeho})(^ Streani, 

cut in the Waimumu Terrace down to the Kamahi 'Ferrace ievcT two 
seams of lignite are worked opencast at Barking's, where 52,147 ions 
have been won since 1939. 

The Waimumu Terrace has been the scene of considerable develop- 
ment ; in fact, as much quantitatively as the Mataura 'Ferrace., but 
distributed over more producers. Green’s mine was on this terrace 
just west of Gore, and produced 412,107 tons in twenty years. 
largest opencast in the district located on the face of tins terraccg the 
Mataura Paper Mills pit (150,176 tons to 1945), is just above the Ihydone 
Terrace level west of Mataura. 

At the Waimumu Terrace level and on ridges above it theax* ha,s 
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been, and is at present, considerable mining along the western margin 
of the field, where the lignite measures steepen up against a fault contact 
with the Hokonui basement rocks. In the area Brydone-Waimumu, 
the Raby, New vale, New Hakatere, and Waimumu strip mines are 
worked, and in tlie past double this number have been worked in this 
area. Idie o\'erburden4ignite ratio varies considerably over the western 
part of the fa'ld as the dip of the measures increases to its maximum of 
40‘k F>ccause of this, there have at times been several underground 
workings in this area, but the distance from the centre of demand pre- 
vented successful competition with the strip mine, and to-day all 
operations in the Waimumu Terraces are strip mines, 

Probably J^ecoverable and Inferred Reserves 

It is not possible, nor is it the purpose of this report, to present 
estimates of proved recoverable lignite. This must wait until drilling 
has been carried out over selected areas. The field data obtainable 
in Mataura Valley are scanty, the reason being that recent and late 
Tertiary gravels blanket the underlying lignite measures. The esti- 
mates given are in two groups, one group regarded as probably re- 
coverable and the other inferred reserves. That constituting the 
probably recoverable group is considered as an area of 20-chains radius 
around present or past workings. Calculation of quantities were made 
on the basis of 1 ,00() tons per acre-foot. 


Probably Recoverable 

Under this heading only areas tliat are adjacent to or (.extensions of 
past or })r(.'sent workings are considered and small outcro[)s are neglected. 
Assumption is made that where the lignite dip is low or flat the over- 
burden-lignite ratio does not become greater than 3 to 1, In tJie case 
of imdergroimd workings 55 per cent, is considered as the amount 
probably recoverable. 

Inferred Reserves 

Areas where there is an outcrop of lignite or evidence of some past 
workings that have now been practically obscured by slumping and 
collapse are placed in this group. Inferred reserves must be regarded 
as fairly hypothetical, but do suggest areas where drilling would be 
advantageous in the search for a large area of recoverable lignite. 

h'or (luantitntive pur|)oses the Mataura Valley is discussed under the 
areas described before in order of productive importance, the Waiinea- 
Waikaka area being omitted from the preliminary report. 

A. Ckyre-Waifmtmit-Mataiira- Brydone Area 

The Gore-Waimumn-Mataura-Brydone area is bounded by the 
Mataura lEvcr in the north, the Hokonui Hills to the west, and their 
eastward extension to the east, and the southern boundary is an arbit- 
rary cast -west line near Brydone on the 220 north grid line of the Pro- 
visional One Mile sheets. The production from this area up to the end 
of 1945 was 1,810,641 tons, which represents 76 per ccuit. of the total 
lignite production of Eastern Southland,. 
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.■ 1 . 7 ■ -Tlie Mat aura Terrace level, present in the anai Iroiii Mataura, 
south to the Brydone Terrace, is perhaps the most proinisiiiy aiva in the 
whole held. Thai part of the area immediately adjaxauit to ?\iataura 
has been worked in the past, and is at present la'iny worke<i i)\’ oik' 
uiuha;Groiind mine. To the south of the worked a,reas the N(av Zealand 
Ikipcr Mills (h). drilled an area, but the results of this work ar«' not 
available. Tlu^ lignite measures dip at low angles (a ) to ilu* north- 
east. The producing lignite seams in tlie vdcinity of Mataura appear 
to he fairly consistent over tlie area, and average' 18 ft. thi('k. .Allowing 
thv. extension of the seam over a semicircle of 20 chains radius adjaetail 
to past and present workings, the probably rccovt'rahk' lignite', loss the 
amount already won, represents 2,500,000 tons. This is ('onsidei’ed to he 
probably recoverable from underground workings as ttu' ox'erburden - 
lignite ratio is 1 to 1 over a small area, only and rises to tlie noidli -west. 
The inferred reserves are considered to occupy a jiarallclograrn of 1,000 
acres extending from the river at Mataura along the stiikt* of the nuxisurc's 
to the base of the Brydone Terrace. The inferred r(‘S(*rves rc'pn'sent 
27,000,000 tons. The greater part of these reserves would, if pnivi'd, 
be recoverable if strip-mining methods were permitted by the ovt'rburdeii 
ratio; but underground methods would greatly rechu'e tin* rccovrry 
percentage. Any suggestion of the extension of tlu' ligniti' heyoml the 
area of inferred reserves in the north is little short of guesswork, although 
over the flat as lar as Gore lignite is known to occur at widt'ly spai'i'd 
points Noai Biydone tlie basenient H()k()nui rock ('ro{)s out, for/iiifig 
a goige m the n\er and a bluff on the Brydone 'rerracc. This basenu'ut 
sepal ates the Alataiira area from tlie Edendale ari'a, and means liiai the 
nu'asutes aie imssing over tlie area nortli of Brydone. 

M 2 lilt Kamahi I'errace level, where it joins the VVairiniiruL 
and the stream flats at that level offer a,l se.vei'a.1 jilac'rs pott'titial a,rcas 
of lignite reserves, tlie Titipua and Hedge] lopi; particnlaiiy. ()i! tlu' 
flats of these streams there have been si'vm'al opt'iieast w<»rkiiigs. and 
fairly large, opiencasts are being operated to-day in th(' H<‘dge!iope 
Larking's Hedgeliope Pit. 

The probably recoverable quantity at the Kamahi 'I'cvnicc level in tin* 
flat of the Titipua, with an average thickness of 10 ft., is 2,500,000 tons, 
and the inferred reserves is 19, 20(), 000 tons. 

A. S — ^Tlie Hedgehope flat is worked at Larkingbs, and Imyond tliesi' 
exposures there is nothing to indicate the extent of the lignite. 'Two 
seams, 10 ft. and 13 ft., are worked, and the probably rec(.>veral)h' tonnagx* 
in this area 2,500,000 tons. No estiniate is prepared of infc'rred n'serves. 

A. 4— On the eastern slopes of the Waimumu t(‘rra,ce, where \he 
Biydone and Kamahi merge with it in the vicinity of tlu' Ikqx'.r Mills 
Pit, and south to Coster’s Edendale pit, is a strij) vMien' a fair (jUc'intity 
of opencast lignite may occur. The proved recoverabk' lignite of an 
average thickness of 20 ft. is 6,300,000 tons, and the infm-red resi'rves 
are placed at 19,200,000 tons. The general overburden-lignite ratio 
is 1 to ] , but west of the terrace face it increases. 

A . To the west on the Waimumu Terrace level the area adjacent 
to tlie Waimumu and New vale workings offers possibilities as a large' 
I'eserve of lignite. The average thickness is 25 ft.; on this basis the 
probably recoverable is placed at 6,000,000 tons, and the iufeiTed 
reserves at 42,000,000 tons. 

A. d— Tlie Firelight area was worked for a short while, and a, tliick- 
ness of 12 ft. is indicated. The angle of dip is low, and the lignite was 
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worked in opencast and bord and pillar. The probably recoverable 
is 1 ,5()(),()00 tons, and the inferred reserves are placed at v3,()()(),()0() tons. 

A . 7 — In the vicinity of the Raby pit the lignite is 3() ft. thick, and 
dips east at 35°, and liere it is estimated that the probably recoverable 
is 960, GOO tons, and the inferred reserves 4, 400, GOO tons. 

A. 8- Greeirs Mine, in the Waimumu level west of tlie river, 

worked 20 ft. of lignite over an area of 30 acres, and won 412,107 tons 
by bord-and-piflar metliods. The probably recovei’aI)le, less the area 
Avorked, is |>laccd as 1,000,000 tons and the inferred rescr\'c\s as 4.400,000 
tons. 

A. 9 and /1 . 10 — ^4'wo other small workings and the reported 
presence of lignite in water wells scattered over the area are considered 
to represent inferred reserves of 3,700,000 tons. 

Tlie following table show^s the quantity of the Gore-Mataura area : — 


Locality 

Average 

Thickness 

(Feet) 

Probably 

Recoverable 

('roiLs) 

Inferred 
Reserves 
(1 oils) 

A. 1 

18 

2.500,000 

27,000,000 

A. 2 

10 

2,500.000 

19,200,000 

A. 3 

10/15 

2,500,000 

n.d. 

A. 4 

20 

6,300,000 

19,200.()00 

A. 5 

25 

6,000,000 

42,000,000 

A. (i 

12 ' 1 

1 ,500.000 

3,000,000 

A, 7 

30 ! 

960,000 

5,600,000 

A. 8 

20 , 

1,000,000 

4,400,000 

A. 9 

10 

n.tl. 

2,500,000 

A. iO 

5 

n.d. 

1.200,000 

Tn(al ... 


23,260,000 

124,100,000 


H. lU'ydoncAVyndliatn- Hdcndalc-Mcilauva Island 
'Fhis area extends south from area A to the 200 nortli griddine lu'ar 
Mataura Island. It is bounded on the west by Titipua Creek, and on 
the east hy Mataura River. 

Development lias not been extensive in this area as the Gore-Mataura 
area, nor are the indications of the extent and thickness of tlic lignite 
seams as plentiful. The greater part of the area is blanketed with 
10 ft. to 50 ft. of recent and later Tertiary gravels. 

I). / ---The Ota Creek pit on the Mataura Terrac(vis the only one 
<){,)erating tit the present time, although there have been in the ptist 
numerous small-scale opei^ations over the area, particularly in the 
vicinity of Wyndham township. The thickne.ss at Ota Creek is 10 ft., 
and the amount probably recoverable is placed at 1,300,000 tims. 'Fhe 
inferred ri'serve of 6,300,000 tons is based on the presence of inimerous 
small workings, and well hole information in the area. 

H. 2--Tlie area adjacent to Wyndham on tlie west bank of the 
Mataura is considered, on the evidence of old pits and numerous water- 
wells, to have an inferred reserve of 8,800,000 tons. 

li. 3 — In the Mataura River lignite outcrops at Seaward. Downs, 
and waas encountered during pile-driving operations at the Bridge. Here 
the inferred reserves over the area are placed at 1,200,000 tons. 

/L 4 Along the face of tlie Kamahi terrace lignite has been worked 

o})cncast in the past at several places. These wc.)rki.ngs ai-e now almost 
comph.Tely obscured, and the true thickness is unknown. Idie average 
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of the thicknesses mentioned in the official records is 8 it. The inlerred 
reserves along’ the east face of the Kamahi Terrace ai'e placed at 4,{)h0,0()() 
tons. 

B. ;5 the Kamahi Terrace level a 14 ft. lignite seam was (nice 

worked at Waihopai Downs, and it has been enconntcnaMl a,t various 
points during well-sinking and ditching. The interred reserves are 
placed at 3,v5()(),000 tons. 

B. 6 — Lignite was uncovered during drainage operations near 
Morton Mains settlement. The full thickness is not known, but, allowing 
an arbitrary thickness of 5 ft., the inferred reserves over a 2(Lchain 
radius are GOO, GOO tons. 

The above estimates of the Brydone-Mataura island area are sunn 
marized in the following table : — 



Average 

Probal)ly 

Inl'crred 

l^ocality 

Thickness 

Recoverable 

KestM’vt'S 


(Feet) 

(Tons) 

(Tons) 

B. 1 

10 

1.300,000 

(S, 300, 000 

B. 2 

10 

n.d. 

8,800,000 

B. 3 

?5 

n .d . 

1,200,000 

B. 4 

S 

n.d. 

4.000,000 

B. 5 

14 

n.d. 

3,S()0,000 

B. 6 

5 

n.d. 

300,000 

Total 


1,300.000 

24,400,000 


C. Makiura Island, Seaward Downs, to the Coast 

This area extends from area B to the coast, and from Mataura River 
in the east to Waihopai River in the west. 

Lignite has been worked at Woodend, and for the past f()rty tlin>e 
years at Asher’s Siding, where 53,372 tons have been won to dat(o Tiiis 
entire area lies on the Kamahi Terrace and extends to tlu^ ('oast. 

C. i— The lignite at xAsher’s is a slightly lowin' gradi' than tiie 
Mataura, having a lower calorific value and a higher moisture content ; 
a thickness of 36 ft. is worked. The probably recoveralih; (]uantity 
in the area is placed at 2,200,000 tons. The lignite is ])ractically hori- 
zontal, and is covered with weathered grey wacke -quartz Kamalii gravels, 
and the ratio of stripping to lignite is at present 1 to 3. It is probalile 
that there is an extensive area of lignite here, but there is insufficient 
evidence without drilling to indicate the full extent of tlie deposit ; 
however, the reserves should at least be as great as anything in tlie 
Mataura area. If the thickness is constant, the inferred reserves will 
be of the (3rder of 36,000 tons to the acre, 

C. 2 — ^"Fhe lignite was once worked at Woodend, and, on this evidinKV'. 
the inferred reserves ai*e placed at 880,000 tons. 

C. S — An outcrop of lignite at Duck Creek is given the arbitrary 
thickness of 5 ft., and inferred reserves of 600,000 tons. 

C. -i— On the eastern bank of the Mataura at Robin Hood, in a 
small ])atch of lignite measures, 12 ft. of lignite was once worki^d. T\w 
area was worked in a small way, producing 3,787 tons in thirty four 
years. The inferred reserves are placed at 1,500,000 tons, and as marks 
of (fid workings are ob.scured it is unwise to estimate tlie proi)ably 
recoverable quantity. 

C. r ) — A small private strip mine near Kapiika Soutli woiLtul 10 ft. 
of lignite for many years, under a few feet of stripping. 'TIh' total 
thickness is not known. Inferred reserves over an area Of 20 chains 
radius are 1,250,000 tons. 
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I4i(' lYsiiits are summarized in the following table ; — 



A Average 
Tliicknes.s 
(Feet) 

Probably 

Recoverable 

(Tons) 

In ferret! 

Re.serve^. 

('roinsl 

C. 1 

3lS 

2,200,000 

dlLOOd tons to the 

U .2 

7 

n.d. 

cSSO.OUd 

C. 3 

5 

n.d. 

000,000 

C. 4 

12 

11. d. 

1 ,500.000 

C. 5 

10 

n.d. 

1 ,250,000 

Total ... 


2,200,000 

1 230,000 


Summary 

I'he total reserves of the Mataura Valley from Gore to tlie coast 
are as follows : — 

.Probabl\' recoverable ... ... 25, 760, 000 tons. 

Inferred reserves ... ... ... 152,730,000 tons. 

RliCOMMENDATlONS FOR FittURE DRILLING 

Any futuiH* drilling in order to |:)rove recoverable tonnages o\a‘r 
any part of tlu' Mataura Valley will be confmed to certain aiX'as by 
(Einsitk'ration of transport and distance from centre of iis(‘. 

'Fhe aiaais discussed under tlie section on ])robal)lo res(MAa!S indicate 
automaticaJiy tlie areas where drilling is likely to indicate a cousiileralile 
lignite tonnage. Vliose areas where a large inferred ix'sei'vi' is shown are 
given lirst iilace for future e-xploratory work. 

A . (k)ve-W amimnu- M aiaiifa- Brydone Section 

I'he most attractive section of tliis area is the Mataura 4'erra.ce level 
adjacent to Mataura, and the east face of the Waiinumu I'errace. i>oth 
are close to centres and rail. Drilling is recommended along the strike 
of the measures in area A. I and in area A. 4. 

To the west the Titipua area, A. 2, about seven miles from !Mataura 
by road, offering an area of inferred reserves of 19,200,000 tons, defi- 
nitely needs exploration. The land over the area is not .such high class 
farm land as that of A. 1, which, in view of the possibility of large ojicn- 
cast workings, is an important factor. 

Area. A. 5 has a large ])()tential reserve that offers good optaicast 
possibilitii^s, but it is eleven miles by road from Mataura or Gore, 
('oupk'd with this area is y\. 3, the Hedgehope Stream Valley, where 
two seams are worked operumst about one and a half miles south of 
A. 5. I'his is insuiheient information at present to infer reserves, but 
the area offers good conditions for strip mining operations. 

Other area.s discussed in the previous section do not oiler siicii a large 
inferred reserve, and for tliat reason it is unlikely that tlicy would be 
drilled in ])referencc to tlie areas named above. 

IT Brydone- Ildcndale-Wyndham-Matmira Islmid Section 

1'Ih! Ota (ireek a, urn., B. 1, on the Mataura Terrace flat, offers a fair 
reserve tonnage unchu' suitable stn])»mining couditious. Should any 
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large' tonnage of lignite be required south of the Gore-Mataiira seeTion, 
this is tilt' most attractive area. 

I'lie W'yndham aica, B. 2. has ail the indications of a lai'ge ar(‘a of 
Ina'izontariignite, but tlie presence of the township ov('r tlu' area must 
restrict a.nv oj)er:itioiis. Strip-mining operations would have* to (‘oiitimd 
with ('onsiderable water. Both B. 1 and B. 2 arc fairly liaiidy to the 
\Vyndham- IhUmdale branch railway. 

Of tlu' other areas in the section, B. 5, altiiougli tiie inferiH'd lacerves 
are based on scanty information, offers suitable drilling areas adjacent 
to the main railway line, and a thin cover at ten to iift('en miles from 
In\'ercargill. It is probable that the lignite over tliest' areas will be lower 
in grade than that in tlie Mataura area, and comparabh' to tin' AsIku's 
Siding material. 

C. Mataura IslandMVoodend- Coast Sect ion 

The only area of intei'est from the point of view of futuri' d(‘\('lo})- 
nient is the Asher's Siding. The lignite is lower in grade than that ol 
Mataura, but stri|3 -mining conditions are good, and the bind is not 
first-class farming land. The deposit is adjacent to th<‘ In\'en'argill 
Tokoniii railway, being eighteen miles from Invercai'gill. Tlu' iiifmi'ed 
reserves are of the order of 36, GOO tons to the acre. This is tlu* largc'st 
area of potential re.serves clo.se to Invercargill, and tlu' largrrst where 
strip mining would not destroy first class farming land. 

Of the other aie as discussed in this section. C. 4, at W'oodmid, ulhu's 
another possibh^ area of investigation. This area is dose h* lln‘ Bluff 
line, within sewn miles of Invercargill. Again it is iiol an ar(‘a. of 
lirst-class land and offers good striji-mining possildlitic's for a. grade; cd' 
lignite probably the same as that at Aslier's Siding, 


Analyses 

The foliowing table show^s the proximate analyses of samph'S taken 
from present and abandoned pits in the Mataura ValUn', bltiinativ 
analyses hav^e also been carriecl out, but are not iiiclu(l(‘d in this pre- 
liminary report. 

The analyses indicate that the quality is fairly consistent ovcm' the 
area, but the samples from the south part of the area are slightly lower 
in grade, have lower calorific value and higher moisture (amtent'for the 
air-dried coal. 

.Utilization ■ 

Local committees and the Southland Regiona.1 Planning ('ouikhI 
are pressing for briquetting, carbonization, and gasili('ation expm-iments 
using the Alataura lignites, in order that the lignites may form tli<‘ !)asis 
of a large industry developing a processed product ratinu' than merely 
the sale of raw lignite. 
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Locality, etc. 

.t>oss 

on 

Air 

ing 

m:. 

V.M. 

F.C. 

A. 

S. 

B.Th. 

U. /lb. 
Cak> 
rilic 
Value 

Extraction 

with 

Benzol 

C.S. 

No. 

Ex- 

tract 

(jXT 
C('nt .) 

Range 












( !G)\ve’s) 











! iindcri’Tound) 

14.5 

29.8 

37.9 

27.3 

5 .0 

0 . 5 

7,290 



264 


1 5 , 5 

29.3 

37 . 1 

29.4 

4.2 

0 . 5 

7,300 



265 


14.8 

30 . 5 

36.0 

29.1 

4.4 

0.4 

7,080 



266 


13.0 

29.3 

36.8 

27.8 

6.1 

0.5 

7,210 

2.1 

62-68'" 

682 



29.7 

36 . 1 

29.2 

5.0 

0.4 

7,300 



683 

(openca,st face*) 

12.4 

23.9 

37.7 

28,4 

5.0 

0.5 

7,550 

2,9 

63-68‘''' 

681 


14.0 

28.7 

36.9 

28.5 

4.9 

0.5 

7,2vS8 



Mean 

IDinu all’s INxid 











(opencast face) 

10 .6 

24 . 9 

39.4 

30.7 

5.0 

0.8 

7,980 

3.8 

63-68® 

674 

Firelight 











C cileries — 











(underground) 

10.5 

23.5 

40.4 

32.9 

3.2 

0.8 

8,010 

2 . 1 

63-68® 

675 

Mataura 











( {’U'attie 











Foster’s) 

15.2 

29.3 

37 . 1 

27.7 

5.9 

0.5 

7,340 



261 


13.9 

31.4 

35.7 

28.4 

4.5 

0.5 

7,020 



262 

,, 

18.2 

33.4 

34.7 

27.7 

4.2 

0.5 

6,820 



263 


15.7 

32.7 

35.8 

27.6 

4.9 

0.5 

7,060 



M ea,n. 

Met ‘•reg( >r‘s 











I'iah^ 











(o]>encast ) 

1 1 ,6 

25.2 

39.9 

30 .4 

4.5 

0.3 

7,8(S() 

3.4 

63-70® 

669 

New ilakalt're 











opi'iicasl) 

12.1 

28.1 

37.4 

30 .2 

4.3 

0.3 

7.410 1 

4.5 

63-69® 

673 

N(‘wvale - 











(opencast) 

14.7 

26,8 

38.2 

31.3 

3.7 

0.4 

7,660 

2.0 

63-67®' 

; '671 ; 

'n(‘dgeliope 











i.n,rking's - 











(u])eii('ast) 











Upjau’ seam 

12.8 

27.7 

37.4 

30.7 

4.2 

0.6 

7,720 

3.8 

61-66“ 

(376 

laaver seam 

13.4 

26.7 1 

40.3 

28.6 

4.4 

0.6 

7,760 

3.1 

63-69“ 

677 

IMper Mills’ 











'i'errace - 











(opencast) 











l’])]H‘r seam 

14.6 

30 .4 

39.2 

26.3 

4.1 

0.2 

7.330 

3.3 

61-67“ 

678 

1 1 

nil 

21.8 

43.1 

29.5 

5.6 

0.2 

8,010 

4.1' 

: 62-67® 

679 


nil 

21 .4 

43.1 

30.0 

5.5 

0.5 

7,980 

n.d. 

n.d. 

942 



’"24.5 

41.8 

"28.6 

“WP 

0.3 

7,770 



Mean 

Lower seam 

1473 

'‘3474’ 

39.9 

“T7.2"‘ 


0.3 

"■6,280” 

3.3 

63-68®" 

680 

Knby, old pit 











(opiMK'ast) 


17.0 

54.2 

30.4 

4.8 

0.4 

8,330 

3.8 

62-70® 

. 670 

W'aiimnnu 











Workings - 











(<?penenst) 

13.7 

26,5 

40.5 

29.6 

3.4 

0.5 

8,250 

4.0 

63-69® . 

672 

»/ ■' ' 

8.7 

27,0 

40.6 

29.6 

2.8 

0.6 

7,960 



L. 34-1 


22.0 

23 . 1 

42.2 

32.1 

2,6 

0.4 

8,510 



34-2 


11.3 

26.0 

40.8 

30.4 

2.8 

0.4 

8,100 


j 

34-3 


7.0 

31 .2 

39.5 

26.4 

2.9 

0.3 

7,450 




34-4 


12.5 

J16.7 

"40.7 ■ 

29.6 

2.9 

0.4 

8,054 



Mean 

Cost<.T's 











FdtMulale pit 

5.6 

26,3 

40.1 

27.2 

6.4 

0.3 

7,460 

3.9 

61-67“ 

668 

Uta Greek- ■ 

18.9 

30.3 

40.7 

24.9 

4.1 

0.3 

7,300 

5.0 

63-68“ 

667 

As!ku'’s Siding 

12.0 

32.7 

37.8 

25.1 

4.4 

0.6 

6,930 

3.4 

64-69“ 

666 

caadlield -• 

11.6 

35.7 

24.4 

34.2 

5.7 

0,3 

6,400 

2.6 

62-68“ 

665 
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Briquetting 

l{x])urinu-ntal briquetting trials carried out at tlie {ilaiit of tlie 
\bct(a'iaii State Electricity Commission were re})ortcd on by W. (E 
Hugiisoii, of tlie Dominion Laboratory (C.S.R. 184, 4/(i/46). 'ilie 
results are summed up in his conclusion ; — 

Coixl froiti the Alataiira Paper Mills pit containing 21.4 |}er cent, nioistni'e on the 
nir-dricMi coal does not make a .satisfactory commercial briquette by tlie use ol' |)ressui'e 
alone. 

\'ariaiions in the amount of tine material in the mixture, reductions in tlie inois 
ture contmit, and im'rease of pressure iqi to 15 tons per stpiare incli failed to pi'oduce 
any improvenuml in the strength of the product. 

Since then furtlier experiments carried out in the Dominion Imliora- 
tory at Wellington indicate tliat the amount of moisture in an air dried 
coal is the critical factor in determining wliether the Initjuetie will tie 
satisfactory or not. 

I'hc ('oal SuiA’ey Committee, in a meinoranclurn to tlie Tiataura 
Lignite Committee, 27th September, 1946 (5), states : 

The biiulerless bricpielting of Southland lignite .seemed to offer some promise of 
a useful means of utilizing this fuel. In view of the negative results oblniiUHl in liu* 
test at \'alIonni, further comparative tests on sairples bricjuettcd in New Zisdaiid 
and the sample used in .Australia have been carried out. 

"J'he coal experinumtcd with in Australia came from the Mai aura Pa pci' .Mills 
pit, from the upper seam, and from an old dried-out working-face. I'lir anal\sis of 
the “air-dried” coal gave a. .moisture content of 21.8 pei' cent. ()lh(!r Mntaui’a 
samples who.sc analyses were given in a report (5) show a much highm' moist iirc 

content on the “ air-dri(^^l ” coal c.g., 30.4 per cent, for (',S. 07S. ('ompaod iw* 

briquetting tests between two coals from the Mata.iira Paper Mills jut. which air di'ie«i 
respectively to 21.8 and 30.4 per cent, moisture, k'ad to the following com Insiom, ; 

(1) ('oal A (21.8 jter cent, moisture on air-dried basis) gave liriquetles that wmo 

much weaker tlian liriipiettes made from (.'oal H (30,1 pm' <vnt. moist lire 
on air-dried basis), (Potli coals were dried to 10 pcu'ceid. nmisture. juior 
to briquetting.) 

(2) Coal A tiriqncdtes, even when made witli pressures ui.i to 25 tons {ler .square 

inch, were easily broken by hand, 

(3) Coal B briquettes made witli 15 tons per square inch pressure couid not be 

broken by hand. 

It is therefore apparent that lignite that retains 30 per emit, moisture on air 
drying gives a much harder briquette than a similar coal that dries to 2(i per emit, 
■moisture. From one pit it is possible to obtain coal that bricjuettes vtuw wiil, and 
also coal that gives an unsatisfactory briquette. This fact recjuires fur’thm* invi'S- 
tigation to determine the significance of the moisture contmit of the “ air- dried ” 
coal. It also means that for briquetting purposes the reserves of lignite mu.st 1><‘ 
classified more strictly and allowance made for their capacity to relain moisture or 
for the related factor that results in a stronger briquette.' Experimcnl.s using a 
bitumen binder have also been conducted and show that the usual amount of hinder 
(say, 8 per cent.) is required to make a satisfactory brkpiette. 

The sample forwarded to Victoria was taken from a di.su.sed and 
thorouglily-driecl-out face. A sample from a similarly drit'd fac.e in 
the Raby Pit (C.S. 670) sho-w'cd an even lower moisture conh'nt, )7.() 
per cent. Samples from Duncan’.s Road Pit and MreliKhi Colleries, 
both abandoned, when air-dried contained 24.9 and 23.S p(u- r.eiit. 
moisture respectively. All samples taken from fresh workiiiK fm.-.i.'s 
showed moisture content when air dried rangiiif^ from 35.7 per <-('nt. 
to 23.1 per cent., the average being 27.7 per cent. I'urthcr trials will 
be carried out in samples from the Mataura area, Ota Onvk area, and 
Ashers Siding near Invercargill. 

Carbonization 

^ Although cKpei’iments have been made on the (uirbonizatioii of 
Valloiirn lignite, carbonization has not been carried out ('.oiinnci-cially, 
nor IS It likely tJiat such treatment would be applied since tin- products 
from tins type of coal would be of doubtful value (memo. 29/9/46). 
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Gasification 

The same memo makes the following comment on gasification of 
lignite : — 

( iasilicjil ion of lif^iiiie whicli has been investigated in Australia and operated in 
(itM'inany and elsevvlu're does not involve carbonization as applied to liigher-grade 
fuels. \\’ith lignite the gasilication process involves the conversion of practically 
all the find into gas in six*{'iall\' -designed producers. Some .systems, such as that 
used in Australia, requir(‘ the lignite to be briquetted ]>rior to gasilication, but at 
least oiu' (iiMinan jn'oci^ss useis the fuel in a finely divided static Tht‘ gas obtained 
from th(‘se prni'i'sses is of low heating value and would nnjuire euriehment before 
it could 1)(‘ used as town gas. Three ways of enricbmeut may be consideri'd 

(1) !hi riehnnmt by a.dding ])et roleum-oil or coal-oil to the ])roduc('rs during 

gasilication, as in the production of ordinary carburetted watis'-gas. 

(2) Hy adding undiluted coal gas from nonnal ga.s-retorls using good-iiuality 

gas coal. 

(3) Hy synthesizing methane from a portion of the gas and adding the metlume 

to the remainder. This latter process has been considered in Australia, 
but is still in the experimental stage. 

Work on tlu^ catalytic conversion, to methane, of hydrogen and carbon monoxide 
has also been engaging the attention of the Gas Research Board in Great 
Britain. 

Tlie following recommenclations are presented by tlie Coal Survey 
Committee on the utilization of lignites : — 

(1) The nature and qua,ntity of the reserves of coal available over the whole 

held, should bii determined in greater detail and witli due regard to varia- 
tions on aualv.sis. 

(2) h'urthm- briij net ting trials should be proceeded witli a.s this would seem to offer 

the best pr()si,)ectK for a. major in(lu.strv. 

(3) (’arbouiza.tion (jx{>erinu‘iils are not favoured e.xcept in conjimdiun with an\^ 

l)riijuetting scheme. 'The main product of carbon izaition is the solid 
resi(liu,‘ ; llie gas and oils having prod net value onlyu 

(4) C'ompleie gasilication is not yet a commercial propo.sition exe.epL under sytecial 

('irenrn stances. 

(5) In certain I'a.ses the raw coal could be burned in spevial etjui}>inent, but for 

tJiis inirpo.so it could not be transported for any great distance. 

(6) ( )wiiig to the .scope in Southland for the development of h yd ro-cU-ctric schemes 

the development of electric power from coal may not prove de.sirable. 
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KAWAU COPPER MINE-SELF^POTENTIAL 
ELECTRICAL PROSPECTING 

Bv H. Wa VA'kijaian, Geological Sui-vey, Department ot Scieniiiic and 
1 ndustria 1 Researcli . 

(Received for puhlicaliony 19th Aiujiist^ 1947) 


Summary 

Self potential electrical prospecting for cov)per lodes at Kawiui Isliiiid 
IS described and the results illustrated by maps and diagTanis. I'lie known 
lode is well defined by potential variations but does not ap|x;ar to extend 
beyond the limits of the old workings. 

Introduction 

Kawau Island is a small island in the Hauraki Gulf 30 miles due nortli 
of the city of Auckland. The old mine is at the foot of stc‘ep cliffs on 
the south side of the island (Fig. 1). The mine was worked in the 
middle of the last century and is the only copper mine which has heen 
worked with profit in New Zealand. The exact reason for tlic closing 
of the mine is not known but it is probable that the mine liecairie less 
productive at depth. Cox (1882) examined it after it had l)een dosed 
down and had no doubt that the mine would pay if rco|)ened and w orked 
in conjunction with the manufacture of sulphuric acid. lh‘rrar ( Blvl ) 
summarized the previous literature dealing with tlie mine and genjogi 
cally mapped botli Kawau Island and the adjoining niaiiilarid. 



Fig. t. — Site of old copper mine Kawau Island, the chimimv is at 
Copper Mine Point. 


The latest account is by Henderson (1939) who states Miiiinj^ 
began at Kawau in 1842 and more extensively in 1846, and in a few 
years £60,000 worth of ore was produced, Later the sliafl, which is on 
the beach below high-tide level, was deepened to over 200 feet. Kecords 
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ol this early work are i raginentary. ikn attempt was made to reopen 
the mine in 1900, but there was practically no production. I'hv crushed 
and silicihed jasperoid slates in which the copper-ore occurs strike across 
the island, their outcrop being marked by ironstone gossan and masses 
of oxid<‘ of manganese. In depth the ore. consists of nodules and lenses 
of pyrite and clialcop^yrite. At the mine the ore is said to liave ranged 
fnan () f(‘et lo \5 feet in width and to have contained on (he axeragt' 
16 per cent, of copper ( i lector (1869); Ferrar). 

11n‘ c'ledrit'a] survey described in tins report was an attem])t to trace 
the co[)pe!’ lodes beyond tlie area of old workings and to find any othm' 
areas tliat inigld oe worth drilling, ddie work was done in December. 
1941, and [ook’ two weeks. 41ie author was assisted in the field l)y Mr. 
TL J, 1 larringlon, 

Gi^olooy 

ddnn'c are two tnain groups of rocks at Kawau Island — tlie under- 
rnass oi giayw'acke, and argillite with minor bands of jaspillite and the 
imconformably overlying Tertiary strata composed of conglomerate, 
sandstone, calcareous grit, and mudstone. In general the grcy'waiclcc and 
argillite aia^ so deeply weathered that the bedding planers cannot be 
recognized. 'The jas|:)illites are jointed but little weathered, and niany 
of the IxMlding plaiu's are visible. At Copper Mine Point the htslding 
planes are parallel to tlie lodes. Tlie copper lodes lie^ v\’ilhin a ])aud of 
jaspillite that forms a prominent point on the coast ( Copper Mine Point ) 
aiicl t'xlends inland for several cliains as a well-defined ri<lge. 

Tlu* hasemenl rocks are do.sely and irregularly folded and faulted 
an<l in gi'ueral strila* north hut consideralile variations in this strike are 
fiwjuenl. 'riu' dip of the beds is usually at high angles. 4 lu‘ 'ferliary 
beds were deposited after the deformation of the basement rocks and 
probably after tlie formation of the cop])er lodes. 'Fhese Tertiary l)e<ls, 
tiigether with llu‘ hascMuenl, were later .somewhat dtdh^rnied and the 
<*levat(‘(l part of tlie Tertiar\' beds and xnidermass removed by erosion. 
An t'xtensive senile c'rosion surface, now from 400 io 500 feet al) 0 \-e 
sea-level at Kawau Island, truncates both the basement and the I'ertiary 
beds, and indicates a long jieriod of stillstand when the land was lower 
than at ])resenL Still later tlie land was elevated and valleys cut in the 
erosion surface, the land w^as then lowered to its present ])osition so that 
tlie lower jiarts of tlie valleys were drowned lo form .shallow estuaries 
such as Auckland PFarboiir; at the same time isolated hills such as 
Kawau were separated from the mainland to form islands. 

dliese comparatively^ recent changes in the position of sea-level must 
liavt‘ changed the groundwater level at the copper lodes and liave to !)e 
considered with resptrl to the. level of y)ossible secondary enrichment. 

Old Workings 

Many of the old workings above sea level are still open but the 
timber has rotted and the roofs of the drives have collapsed in many 
places. Idle position of the old workings and the copper lodes are shown 
i)y l"ig 2. The drive along the east lode can still be followed with some 
difficulty for 300 feet. \t enters the hill 100 feet north-cast of the 
engined lOuse chimney and follows the lode which strikes 25° east ot 
north. At 150 feet from the entrance this drive connects with the bottom 
of a shaft, still open and 100 feet deep. Ore has been stopped out from 
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several places along' tliis drive but the workines do not ap])ear lo havt^ 
reached the surface. At two places there are connections with l()wer 
workings below seadevel and full of water which could not be examined. 

iM'oni the west side of Copper Mine I’oint a cross-cut extends 
through the point to the entrance of the drive along the east lode. ! lie 
west end of this cross-cut crosses the line of the west lode. 1 his lode 
was worked seaward but apparently peters out to the nortli tor no trax'es 
of copper and very little gossan were seen in tlie cross-cut. 



Fig. 2 — (Caption on Map, G.S,675, Sheet 1). 


Hector (1869, p, 45, Fig. 1) shows the east lode as the fanlhal con- 
Tiiination of the western, but no fault capable of causing tin’s displace- 
ment was seen in the welFexposed surface expo.surtss l)etw(*en t1u‘ 
cross-cut and the engine-house. Unless there is belter (‘vidcaice for tins 
fault in the lower workings it seems more likely that the two lod<\s an* 
distinct and arranged in echelon. 
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If c<ij)j)cr l(xles at Kavvau Island are confined to bands nf jaspillite 
then the chances of future discoveries are much lessened, for bands of 
jaspillite usnall\' form ridg'es and these, especially betwaam Cd)i)per 'Mine 
boinl and Ihjn Accor<l I:iarl)our, have been well prosjjccted. 


Prospecting 


General Principle of Method Used 


The self--|)Otential electrical method is the simph'st oi the electrical 
g'(M)phvsical j)ros|)ecting methods and depends upon ihe production of 
a ehaTrical potential dilTerence during the oxidization of a snl])hide ore 
bod\a It has long lieen known that the oxiflizing upper part of an ore 
IhxI}" lias a negative potential relative to the lower part and that ehadrical 
currents How inward and downward to the top of the ore i)ody from the 



Han 


too. a l(l(o!i/,e(l cross so'tion of an FiCi. 4 Pla.n of surfac(' ])ott.‘niials 

o\^'dEin.y, sulpliide lode show in,*:!: produced by electrical flow lines 

1 1 It ;il Mow lines. from sni})j]ide lotlc. 

griiimd aliove it. ( lliservations made liy test electrodes aiding the surface 
of tile groimd aliove siicli an ore-body will show a centi'e of uegativ{‘ 
jioleniial al)ovt‘ the liodya Fig. 3 illustrates the tlov\- of current in a 
cross startitin througli a lode., and Fig. 4 the pattern of e((nipoten[ial line 
above a lode. 

11ie conditions aromul the ore-body are those of the normal electric 
cell and <'xtcrua] conductor inverted, the ground surrounding the orc^- 
body being the eleclrolite while the ore-body represents the internal con- 
ductor lliat completes the circuit. It must be expected that slight 
<liffer(‘nct‘s in rale of oxidation of the ore will cause considerable 
dilh‘rences in potential, and, what is more important, that even if ore 
is firesenl hut not being oxidized then the self-potential method will fail 
to give nasulls. Without considerable prior experience interpretation is 
<lif{icult, for as with other geophysical methods the size of the anomaly 
de]>etHls both on the depth and quantity of ore. 

instrument 


14k* potential dilferences were meavSured by a bri(lge~ty|X‘ millivolt- 
meter in which the dilTerence in potential between the earth electrodes 



E'tg. 5-— Circuit of 
potentiometer. 


is balance<l against an equal potential difference taken from a potentio- 
meter and derived from a 1 J V. cell. The advantage of this method over 
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the dhw'i inciisurmients of voltage is that when the circuit is lialanced 
no ciinAMil flows from the earth electrodes and conseciuently that tlie 
grounul poleiilial is not disturbed during measurement. Fig. 5 is a circuit 
of tin,- meter. 

Tin* inillix'oltmeter was frequently callibratcd in tlte litdd In' moN'ing 
switcli '' A ” to “ test ” and then adjusting resistances '' 1> ” and “ ( ' ’’ 
so tliat tile galx'anometer dellection was 12 divisions when tiu* millivolt 
indicator arm t)f the potentiometer was at SO. 'Fliis wtis tlie least seiisilix'e 
setting of the instrument and was well suited to conditions at Kawaii, 
where the underlying sulphides caused a maximum ])oteutia] dili'ercuce 
between electrodes 60 feet ajiart of about 40 mw 

Ifarth coirtacts were through electrodes constructed fi'om pnrous pots 
filled wdth a saturated solution of copper sulphate aud coniiecU'd to tlu‘ 
meter by a terminal attached to a copper cylinder iriimei’sed iu llu^ 
solution. Copper sulphate seeps through the liase of lhes(‘ pots aud 
makes contact with the ground. The potentials produced h\’ the con tael 
of simple metallic electrodes with the .soil make the use of the more 
coinplicated porous pot electrodes essential. At Kawau freijuent rain 
before and during the investigation made it unnecessary to dampen the 
ground during observations, a good earth contact lieiiig usuallx' ohtaiiual 
a few inches from the original ground surface. 

Field Procedure 

The rnillivoltmeter was first roughly levelled and the galvanometer 
clamp released with switch A'' on “ clieck.” The galvanorneti'r lU’cdle 
was theti adjusted to zero position by levelling the iristrurnent. Switch 
‘‘AT was then turned to “test’’ and the battery current swiiclied on. 
if the wires are correctly attached to the porous pots and the jiots in 
contact with tlie ground, the galvanometer circuit tlum Hows tlirough llie 
ground and damps the galvanometer, the needle of which ijidirates 
resistance in the circuit by its freedom while swinging. 

The potential difference between the forward and reai* (h'Clrodes is 
then measured by adjusting the potentiometer arm so lhat the gal- 
vanometer needle indicates zero, but if the forward potential is positive 
relative to tlie rear then it is necessary to reverse the input hs'uls by the 
reversing switch “ D.” The potential difference is then indicated by tlie 
position of the rnillivoltmeter arm. After recording the reading, the 
galvanometer is. clamped, the current switched off amd, the switch' “ A ” 
turned to “ check.” The instrument is then .shifted to the iu‘xt station 
and the procedure repeated. 

The porous pots wtn.T. placed in holes that had hoeu dug a k'w 
inches deep. Beyond this depth it was found that a variation iu <lvpth 
of hole usually made a little difl'ereuce. To chock errors caused (w a 
difference in potential between the two electrodes it was found lu'cessary 
to ob.serve thejines in two directions, the reverse readings being taken 
immediately after the foi'wvard readings. 'Phe sign of the rewrse read- 
mgs is opposite to the forward readings and the sum of the two readings 
between the two porous pots. The following is an example of such 
readings : — 


■Foi'ward readings 

-7 

38 

-SS 

-8 

Reverse readings 

2 

-44 

51 

3 

Sum of readings 

-~5 

-6 

""■-4 

'■ Vs 

Mean 5, difference between 

porous pots 2.5 

niv. 
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S'wn^ey Methods 

I'he station positions were established during the electrical nieasnre- 
inents hy measuring the. slope distances between stations with the 60 
feet wire to comiect the forward electrode to the instrunient. The slo])e. 
distances \verc‘ reduced to the corresponding horizontal distances before 
plotting them, aneroid heights used in constructing the contours shown 
ol log. 2 being used to eliect this reduction. This method (rf surveying 
(luring ehalrica! observations is satisfactory for grass and o])en scrub, 
but Ix'conu's dilhcult and inaccurate in thick scrub, wheia^ it would be 



pi'ic. 6 “(Caption on Map G.S.675, Sheet 2). 


Cniphical Representation of Results 

The results of the observations arc shown in Figs. 6 and 7 as ])oteim 
tials relative to the sea. These potentials were calculated for each station. 
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by continuous addition of tlie ol3Scrved corrected |)oteritial dill urences. 
The following is an exaiuple of such calculations: — 

Sta.tion . . . . . . 0 1 2 3 4 S () / 8 9 

I'olcailial difference . . 2 —2 2 8 5 6 8 4 2 

Difference' in potential be- 
tween ])orous pvot electrodes -2 mv. 

h'on'. ])otentia] difference 0 -4 0 0 3 4 t) 2 0 
Ih'jtential relative to 

station O ” .. .. 0 0 -4 -4 2 5 9 15 17 17 



POTEI^TIAL PROFILES. KAWAU 


COPPER MINE. 

•75 accompany a report on Self-Potential Mectrical Prosp.ectinp., Sawau 
Copper Mine hy H .W. Wellman 

G;S.675 51ieet3 ^ ^ ' 

Fig. 7 — (Caption on Map G.S.675, Sheet 3). 

This method of continuous addition is subject to ciinuilative errors 
and in a inore extensive survey it would be advisable to first establish 
control p(.)ints by observing over longer intervals and theti to adjust the 
values obtained from the shorter intervals to tlu'se. 11u‘ two most 
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sniillicrly survey lines are controlled by connecting both ends to the 
sra, taken as zero jjolential. 

The polentials arc shown (Fig. 6) as small iigures close to the 
convsponding stations and from these A-alues generalized eiinipotential 
liiU'S ha,\e l)e(‘n drawn with a potential interval of 10 mv. These (‘(jiii- 
potential liiu's are only approxiinations to the true position of the lines 
which iniist l)e more sinuous than represented. Close to tlie sea the rise 
and fall of the tide must cause slight changes. 

Idle same values are used in Fig. 7 to show tlie same variations in 
a dilTeri'iit inanner, tlie values being plotted normal to tlie line along 
which they were oliserved, positive aliove tlie line and negative values 
iielow, values considered due only to local superficial variations are 
coimected l)y dotted lines. 

Resitlts of Ohserva lions 

In liotli Figs. 6 and 7 the line of the lode is iianlved by high values 
on lines 5, 6, 7, and cS, the area above the lode having lower values than 
normal. i\nomalies along the line of the lode ceased at line 5 and if the 
lodv continues past this line then oxidation is not snllicienlh’ rapid to 
cause nuvasurahle potential dilTerences. It is more jirobahle, however, 
that the lode dors not contimte ami that the old workings extended to 
Ihv end of the lodv. 

Tin' xadiies at tlie eastern end of lines 2, 3, and 4, are small and 
i'rratic witli little geological significance. Ivegular wariations prt'vail 
along the wesh'ni |)arts of lines 1, 2, 3, 4, and 5. Tlu'^e regular varia- 
tioiis no doubt have some subsurface significance but aia* unlikely to be 
caused by underlying sul|)lfides; they are more probabl\' caused by tbe 
d'ertiary 4)asemetit contact, tliough an almost complete lack of outcrops 
makes proof of this difficult. 

41u' t'liaracleristic anomaly at the east eml of litn' 1 })ro})al)ly indi- 
cates a sulpinde lode and this interpretation is .stn'iigthened by tbe 
presemee of a low ridge of manganese-staineil jas]M’llite which crosses 
this line at the ])1ace where a disturbing feature woulfi he expt'Cted. This 
ridge is about 10 feet wide and strikes north-east. No correS])onding 
anomaly was found on line 2 and it is unlikely that tiu're is a continua- 
tion ill this direction. In the opposite direction, to the north-east, there 
ai'e many outcrops of bavSement greywacke and argillite but no quartzite 
ami tbe continuation of the lode is unlikely. Imrther electrical work in 
this district could well depend upon the results of testing this band of 
quartzite by drilling or trenching, and until this is done it did not .seem 
worth while extending the (ibservations into tlie scrub-covered areas 
where results can only be obtained with much greater difficulty. 

The copjier lodes at Copper Mine Point have been well prospected 
alM)ve sea-level and have been worked for an unknown but ])robably not 
giAMl depth below sea-level. Any future prospecting would be most 
useful if it could test the tpiality of the ore well below tbe old workings, 
for then if the quality of the ore is too low to work the remainitig upper 
iinworkecl part would hardly be worth exploring. 

No new information was obtained with regard to the west lode which 
extends beneath the sea to the south-west of Co])per Mine Fk)int, but 
tbe anomalies caused by tbe east lode have their maximum width at line 
7 and do not extend beyond line 5. If it is considered that conditions 
were good (‘nough when the mine closed down to warrant further pros- 
pecting, then it is .suggested that the eastern lode could t)e tested at 



The N.Z. Joernae of Science and Technoi.oca' ( March 


1 0 i 

1)00 \CL‘\ hrlnw sea-level beneath Hoe 5, by drilling at an angle of 30'^ 
iroiii (lie \ertical to the north-east from a point alioirt 100 leet trom 
tlie month o! a small creek situated 700 feet east of the ojd niiiu.' chinnie\ . 
The hole would tn'otialily cross the lode at an angle oi 45‘^ at 650 teot 
froni the surface, if the lode continued to dip to the soiitli-east at 75'’ 
as at tiu' surface. 

No (lifficulty would be experienced in landing the drilling gear ironi 
a scow 1() an\’ point near the Copper Mine during nonnal weatlier ; ditle 
culty would, however, be experienced in obtaining water loi* drilling 
from the streams which normally carry little watca. 


Conclusions 

The electrical work shows that it is possible to ti'ace snlplddc' hales 
by the self-potential method under the conditions that ])rt'vail at Kavvau. 
The work is coniparatively rapid as it is possible to observe ab()Ut ICJO 
stations a day if the area has been previously surveyed and peggcMl. 'Total 
interpretation of the results is difficult and where possible anomalies 
should be investigated during the electrical worlc so tliat full adxantage 
can be taken of information obtained. It is essential that the observed 
lines be so close that anomalies can be corrclatt“d with certainty trcim 
line to line; a distance of not less than 200 feet appears suitabh*. The 
distance between stations along the lines lias to h(' siu'li jlial critical 
potentials are not skipped, and will depend upon tlie width ancl depth of 
lodes. At Kawau the distance could probalily have bc'cn increased to 0)0 
feet with advantage. 

Topography a])])ears to liave no serious effect on tin* jiotcnlial dis 
tribution but must cause some modiiicaton where the slopes rNC(‘cd dO'’. 
The following distiir])ing features may cause (liflicultics unless imcngnized 
in the field : — 

(1) A gradually changing difference in |)Otcntial lidvveen elec- 
trodes that causes a gradual rise or fall in tlu* jiolentia! 
values. This could pos.sibly be reduced if tin* electrodes wt're 
constructed with greater care, but it is jirohalile tliat llu* 
establishment of control points at say ten chain init'rw'ils 
would be the most satisfactory solution. 

(2) Positive anomalies of superficial origin. These anomalies, 
the cause of which is uncertain, appear to la* a.ssociat(‘<i with 
areas of dry subsoil caused by slips. The largest [intent iai 
diiterence caused by these features was 50 niv., extended* 
over a width of 30 feet cand had a lengtli of ()0 fetU ( Mg. K)., 
Observations made in a trench cut across tin* line of anomaly 
showed that it was a superficial feature and (‘xteruk'd down 
only a few feet from the surface. 



TTg. 8* -Cross section showing electrical potential distribution in 
a sliabow trend! cut through a superficial anomaly. 
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(3) "Fret' roots and trees. Fig. 9 shows the potential variations 
in tiu* vicinity of a pohutnkawa tree; similar variations were 
ohst'rved close to all large trees. It will be seen that the 
cffecls are small unless contact is made witli large tree roots, 
small rootlets apparentl)^ having little effect. 



I'hG. 9- Potential variations near a large poliutiikawa tree. 
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EUPTEROMALUS SR AS A HYPERPARASI.TE 

SOME INDICATION OF ITS INI'LUIlNCK ON ^11 IS: 

ESTABI.ISIIMENT OF ANGITIA CEKOFHAHA IN 
NEW ZEALAND 

Uy FnvLLis L. IvOBEicrsoN, llntoinology Division, I’lanl Ko.searcli 
Ikiream, .Department of Scientitic and liuiiLstria] Kesearch, Nelson 
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Summary 

1. An outline is given of the liistory of (lie clialcid liyiKTiiarasije 
hiipterifiiialus sp. in rtialion to jirirnary imrasitcs of tiu (liaiinuidsfinc!, 
moth and white buttcrtly. 

2. higures are quoted to ilhistrate that it was largely responsible for 
the heavy mortality which occurred during the atteui))! lo mass bi'eed tin* 
diamond-back moth larval parasite, Aiigitia eerofhaija, in {iebl cages. 

T Its apparent inability to destroy A. ceropluuja coiriidctidy in ilie llebl 
is discussed and illustrated Iry records. 

1 KTRODia'TlOiN 

llYPiotPARAsrrisM is a factor of iniportance in nitiny asju'ds of I>io1oj»’i 
cal control in\‘estit>'alions. T'irst, it enters into the cornitlex studiiai in tlie 
eoiintiy ol ori^gin, vvlien (letenniniiiq' the parasite' s|)ecit*s, or .qroiij) of 
species, most suitable for ntilizt'itiou overseas as a coni rolling' aip‘nl. 
Some invest i^’alors liave stressed the iniportance of clioosin|.i; for intro 
duction parasite sjieeies vvdnch sutler liltle from hyiierjiartisitisiti in tlieir 
native habitat. Secondly, in obtaining and shipping sn})])lies of primary 
parasites, consideration has to be given to the probieni of wIiellKcr or ii()[ 
consignments sluxdd include any such liyjierparasites as normnllv attack 
them. Wardle and Buckle (1923) say of this: “ It is fltvulrtfiikwhi'tlicr 
anv greater ethcacy in action of intnxiuced [Kirasites is to be oblaiiu*d b\‘ 
preventing the introduction of their hyperparasites.” 1'lm vitwv nu)re 
generally subscribed to, nevertheless, is that the (dimination of tuquu'- 
parasites is simply elfected, and is more likely to inen'ast' lhan re<luc(‘ 
the etiiciency of introduced parasites. It is, however, during llie aetnal 
estabhshment of introduced parasites in their new habitat dial hyper- 
parasitism iiRy assume a role of prime imjiorlance. Nunu'rous writers 
have emphasized the fact that, while associated hy])<‘rparasites from the 
place of origin may be excluded in any parasite introduction, or a. para- 
site be chosen which is normally free from hyperparasilisin, it is 
impossible to ensure against its being allack(‘d by hvj)er])arasit(‘s aha^ath' 
present in the new environment, hums (1937) stales: “ 1 1 viierjiarasibk 
in general are far less restricted in their host-selection llian most I Ivme- 
noxJterous primary parasites. They are able to adapt themselves 'in a 
wider range of hosts, especially in the absence of ])referred spc‘ci<‘s- 
a trait which explains the heavy attacks certain introduced primarv 
parasites undergo in countries where the normal and n\gtilar hvpem 
parasites are absent.” The introduction into New Zealand of the Euro- 
pean parasite Angitm cerophaga against the diamond-back moth has 
provided a .striking example of such an occurrence. A clialcid hy]K*r~ 
parasite of the genus Eupieromalus, already known to lie ])resent in this 
country, reduced tlie initial, concentrated field colonic's so seveiwlv as 
apparently to jeo];>ardize the whole undertaking. 
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I he coiilhctiiii^' ideas contained in the literature on the signiticance of 
h\'])eri)arasilism suggest that it has seldom been intensively studied. 
Ne\'erlheless, instances in which hyperparasites have been known to be 
responsible lor heavy reduction in populations of lieneiicial primaries 
art' snhicit'nlly numerous to warrant the conclusion tliat any additional 
records, howt'ver incomplete, may be of xailue to the understanding of 
tlu' natural complex estalilished by parasite introduction. It is on this 
ground tliat the following notes on the hyperparasite Euj^tcronialus sp. 
are prt'sented. Hie general information on its incitlence on primary 
parasites in lliis country is fragmentary, while tlie attempt to make a 
numerical t'slimati' of the extent of thi' initial attack of Euptcronialus 
on Angitia cerophaga ])rovides no more tlian an indication of its rela- 
tionship to the diamond-back moth complex. The records on which this 
pajier is based were collected by the writer in the 1936-37 and 1937-38 
seasons and were incidental to the large-scale lireeding and held dis- 
tribution of Aiifiitia cerophaga, being carried out by memlicrs of the 
ifntomology Division under Mr. J. Aluggeridge, at that time Associate 
Director. 


fiis'roRY OF EupTicKom Ai.i'S SP. IN New Zealand 

Attention was first drawn to Euptcronialus in 1934, when Mr. Mug- 
geridge bred this chalcid liyperparasite from cocoons of the European 
strain of Apaiilclcs (//o/in’ra/wA', which was then being liberated in New 
Zu'aland against tlu' wdiite butterlly (Pierls rapac L,), Specirneris were 
sent to Sir (lu)' Marshall, Director, Imperial Institute of Tfntoinology, 
and his comments were as follows: — ■ 

“ Dr. hVrrierc^ . . . says that it is a species of Eupteromakts (family 
Pleronialitia' ) which is closely allied to ,/f. nidulaus, Imrst., a coninion 
S])ecies whic'h is apparently different from it. I le says that uirfortunately 
lie is unabh' to slate whether this is really a Eurojiean species or one 
that is indigenous or already introduced into New Zealand. It does not 
appear to agree with the descriptions of any of the other Ifuroptym 
sjK'cies known to him, and at the same time the genus has not so far 
been recorded from either New Zealand or Australia.’’ 

It is clear from the above that, while there is a possibility of the 
liyperparasite’s being indigenous to New Zealand, this is by no means 
certain- -ii point which has become obscured in recent years. 

In 1934 also, Dr. W. Cottier, Plant Diseases Division, made some 
laboratory observations on Eupfcromalus, PFe recorded bret'ding through 
OIK' generation of the hyperparasite in pnpie of Picris rapac parasitized 
by Picroniakts pupantw, the first emergence of adults lieing on the 7th 
August of that year. 

In December, 1936, it waas first recognized that secondary parasitism 
might have a serious effect on parasite introductions against tlie 
diamond-back moth. At this perio(l a commencement had been madt' 
on the attem])t to control PlutclJa niaculipenms by biological means, large 
ccjnsignments of the ichneumonid primaries, Angitia cerophaga and A. 
fcncstralis (two supposed species whose identity was later lost through 
interbreeding) having been imported from England through the Imperial 
Institute of Ifntomology. The New Zealand Entomology Division built 
U|) slocks of these Angitia through laboratory breeding and subsecjiiently 
initiated fi(4d colonies in Elawke’s Bay by mass rearing in field cages of 
the' type described by Muggeridge (1942-43). These cages were enclosed 
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In' c.'ircase-cloth, an open-mcsb material which did nol exclmh' such 
nunuU; insects as chalcids. It was soon found that lan.H’ colonies ^ of 
livjjerparasites developed at the expense of the introduced j>arasiu*s heiiig 
reared. Tin' hnptadal Institute of Entomology conliriiied (h<‘ sasjticion 
that tile In'perparasite involved was the same sp(‘ci(‘s ol J\u l'lrr(U]iali(s 
as tlial previously bred from J panicles gloineraliis. 

In lanuarv, idv^7, the writer continued Dr. Cottier’s PM-l observa 
lions on lilt ptcrofnahis as a hyperjiarasite of Fieris rapac. ( hir gcaieration 
of lilt plcromalus was successfully bred througli in the laborabn-y on 
l^lcronialus piiparum parasitizing Picris chiwsalids. It was lound. bow 
(A'er, that liiiplcromalus could not compete wdlh Flerainnliis in the mini- 
bers [)roduced ptn* chrysalid, so that it was not likelv' to I'educe tlie 
ediciency of Pferonialus in the held to any appreciabk- (‘xteiit. In a 
further series of laboratory experiments made at this tinuy liiipfcroinalus 
was tested as a primary parasite of both the whiU' buUerllv and the 
diamond-back moth. In a number of cases the pup;e exposixl ap|)eared 
to be killed by ovipositor punctures, but ovipositon di<l not occur. Up 
to the present the Eiiptcromalus sp. in New Zealand lias not been 
recorded as a primary, in contrast to the known habits oi liupferoinalus 
nidiilans, the species to which, according to Iwrriere, it is |)rol>al>ly most 
closeh^ allied. The history of E. niditJans in the United States, acting 
as both a primary parasite and a hyperparasite, has lieen ti'aced liy 
Droper (1931). tic statc-s that E. irlditlans \vas tirsl ini|)orted fia an 

Europe in 1905 as a [irimary parasite of the brown tail motli. After 

establishment, it was found also to occur as a hyiiei'parasite on one of 
the brown-tail molli larval primaries, A panicles lactcicolar, I .Jiter again, 
it became known as a useful |)rimary parasite of the satin irioth, after 
this pest had spread through iVIassachusetts in 1920. Tlie EngdAnuiniahts 
in New Zealand, on the otlier liand, has been recorded only from tiara-- 
sitic, ]i\nieno])teron hosts and has not up to tlie t>i*esent lieing induced to 
attack Lepi(lot)tera <]irectly. 

It was not until the 1936-37 summer season tliat Euplerfyntalus str 
was recorded as a secondary parasite on the Angitw known to attack 
PlutcUa in New Zealand prior to the introduction of A, ccrophaga. Tlie 
negligible degree of hyperparasitism in the New Zealand species has 
already lieen referred to by the w-riter (1939). 

In 1938, during the first year of introduction of Iliadromtts coUaris 
against the diamond-back moth, Mr. B. B. Given, Entomology Division, 
found the sp(‘cies to be attacked by Eu pi era mains, although only to a 
minor degi'ce. 

Recent examination of cocoons of the American strain of A panicles 
glomcratiis, referred to by Muggeridge (1942-43 ) as having ht'en suc- 
cessfully establi.shed in the Nelson (iislrict, has .shown this also' to be 
attacked by Eupicronwius. 

Thus ah't‘Hdy Eupteromalus has been recorded from tjuiu* a widt‘ 
range of beneficial insects in New' Zealand, its known hosts including: 
the ^ white butterfly larval parasite Apantdcs glomcrahis, family Bra- 
coiiidce, of both the European and American strains, 'which are gciun'ally 
considered distinct biological races; the white butterfly pupal'p^H-asitw 
Pferomalus pupariim, family Pteromalidce; the diamond back moth larval 
parasites Angitia ccrophaga mid An giti a si). (N.Z.), family Ichueii- 
monidae; and the diamond-back moth pupal parasite, Diadronins collaris, 
also family Ichneumoni(te. These observations have l')ec‘n irnuh* only 
incidentally during recent economic investigations, so lliat tlic host range 
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ot Eupteromalus sp. may possibly be much more extensive and it may 
have to be considered as a factor in any future biological control projects 
undertaken in New Zealand. 

Ik n‘i'i:ROM Ai.us sir as a Hypi^rparasitk on Angttia Ceropiiaga 
Records 

Mention has been made in the previous section of tlie Ivntomolog}' 
Divisioivs atteni|)t, during this season, to rear /Uujitia ccrophaga in held 
cages in 1 iawke’s Iki}’, wliere Plulclla outbreaks in crucifers tlien reached 
epidemic proportions each summer. It was considered 1)}^ Mr. Alug- 
g(‘iadge tliat large colonit's of the parasite could be most rapidly built 
up for field dislribution by tins method. Hants in the held were caged 
and heavily infested with Plutclla imox to the introduction of adults of 
Angitia ccrophaga bred in the laboratory. The bulk of i)arasitc‘ pupce 
reared were later collected from the cages and sent back t(^ the laborators' 
at Nelson, where they were placed in emergence cans. In early Deceim 
l>er, 1936, siweral chaldds were reared from the first field-bred .-Ingilia 
pujKe received from Hawke’s Bay. Altogether 2,578 pup<'e were produced 
from the first set of field cages, but the emergence of adult As ighia ir om 
tliem was disat)})ointingi}^ small. Large numbers of chalcids w'cre pro- 
duced, bill these did not give an accurate index to the number of 
Angiiia ])upje h\'])erparasitized. 

Firstly, superjiarasitism was common, up to three adult chalcids 
being reared from one Angitia pupa. Secondly, a consideraDle number 
of eggs, larvw aixl jiupje of the hyperparasite did not conijilete develc)])- 
rnent, so that there could be no evklence of hyperparasitisni without 
dissection. Accordingly, during the 1936-37 sunimer, sels of samples 
from sexeral batches of piipw received in the laboratory from Hawke’s 
Ba\' wi're disst'cted, and on these samples the numbers 1n’])erparasilized 
were estimated. The following table shows tlu* results obtained: ■ 


'P AB |;B 1 . It VPERPAk ASITISISI IN 1 ' I F.LD ( ' AC. 1<:S, 1 OaBaW 
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10/12/:Rv5/1/37 

2578 

1 352 

2226 

. 1020 

1676 

18-29/1 2, Xfi 

222 ' 

.3 ■ • 

219 

96 1 

189 

5-8/1/37' 

3807 

115 

3692 

7.17 ' . I 

2608 

2AI2PM 

739 

72, 

667 

210 1 

473 

9-11/2/37 

2359 

470 

■1889 ■ ■ 

■ '^21 1 

1361 


Mg. 1 illustrates the end result of rearing the third batch f)f jmpa^ 
(5-8/1/37) to maturity. Here only 3 per cent, of the pupa ])roduce<I 
adult Angiiia ccrophaga, making field cage hree<ling im])ossible under 
such conditions. Of the remaining 97 per cent,, dissection showed 68.5 
per cent, to be hyperparasilized, although only 18.8 per cent, produced 
adult hyperparasites, 1'he disparity between the two latter figures, in 
every case in which dissections were made, demonstrated the necessity 
for basing all future hyperparasitism records on dissections. 

I'rom both Table I and Fig. 1, it seems obvious that, in the 1936-37 
season, the failure of the majority of field-cage jaip^e to complete 
develojanent was due, in the main, to the activity of pAfpicromahis sp., 
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cxci\ssi\T‘ TnioiTiit ot 90-9s^ per cent. It is also clear that the initial, 
accelerated rate of increase in hyper parasitism was iindiily faA'oiired b\^ 
the agg'regation of Angitia ccrophaga pup^e in held cages. 



liyi>erparasitism l)y linf^icronialus as a factor in the total rntnTality tif 
Au(jifi(i \m\nv. jnaxluccd in field cases. 1937"vi8 

In coiijiiiiction with [tarasite breeding tlie Hntomolg)’ Ditdsinn, in 
1 937-38, carrie<l out held surveys in Nelson and its surrounding districts, 
as a check on the estahlishinent of Angitm ccrophaga, Sani})l<‘s from all 
Ifwse iiekl colh'ctions were dissected by the writer, in the hope of gaining 
frran them soiiu' indi<'ation of the inter-relationsliip <jf primar\' an<l 
secondary parasitism in the held. iPhe most corn|)]ete records were 
obtained from the experiimmtal area at Cawthron Inslitnte, wltere 
collections W(*re madc‘ once or twice a week from December, 1937, !<* 
the end of March, 1938. ddiis area was adjacent to the held cage experi- 



liupteromahu and AngiHa on diarnund-hack moth in the field 
Cawthron area. Nelson. 1937-38 
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iHciii.s and, as a result, Plutclla populations in it reached a higli density 
at Ihe beginning of the season. Ifarly liberations of tiie introduced 
Aiit/ilia were made here, and initial populations were continually l)eing 
augmented from the field cages. 

Fig. 3 illustrates the course of primary and secondary p;irasitisrn 
recorded during the summer. At tliis time field collections vvei'e l)eing 
made in bulk, so that there was no l:>asis for tlie assessment <d variations 
in the host population. In lug. 3 primary parasitism l>y Aiii/ilia and 
h\-])erparasitisin b}’ Eupicronwliis s}). are both exi)ressi'(l as percentages 
oT the total number of Plutclla pup;.e collectcal. Hk* region liiainded 1)\- 
tht‘ lo\\t‘r line thus indicates tlie proportion of tlie iiitrcKluced |)arasite 
po])ulation killed h\’ hyperparasitism, l.ogarithmic intervals are used in 
the graph, and the curves have Ireen smoothed, so tliat comparatixe 
rates of increase and decrease can be more readily followiHl. 
Eitpicrouialns reaclual a maximum and produced a marked and sudden 
drop in the jluijiiia population. Both AiujUut and Euplcronialus con- 
tinued to decrease iov some weeks, l)ut the rate of decrease of tlie 
hx'perparasitc' was so much more rapid that, l)y tlie michlle of Marcli, it 
had virtuall}' ceased its attack on the Angitla population remaining. .At 
the end of the season Angitia was again able to increase sliglitly, altliougli 
this was followed by a reappearance of liyperparasitism. 



liulUtTiniialiL^ anfl Angiiia oti diamonckback moth in the held 
Town area, Nelson. 1937-38 

Primary parasitism had reache<l a high l(,‘vel when sam]>]ing was 
commenced, and this was maintained during Deccmlxa* and laimary. It 
appears that secondary parasitism only began to inenvase aft<*r tlu* 
establishment of this high level. By the end of Januarv tlu^ efbsd of 
Collections during February and March in tlie Nelson town ar('a 
(remote from Cawthroii) produced the results .shown in lug. 4. llrvc 
both primary and secondary parasitism had already rtncluvl', or passed, 
their maximum points and continued to fall until the midtllt^ of Marcli. 
At this period, as in the previous case, hyperparasites et'ased oiHoailing. 
but a residual ]) 0 ])u 1 atioii of primaries continued to attack llu' diamond 
back moth. 
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On the Wainiea Plains (see Fig. 5) Plutello populations Avtaa- noi 
]iea\-\' and primary parasitism did not reached a high level. 'Vhcrv was 
no more than a trace of hyperparasitism at the beginning of luFriiarw 
and it was (}])vioiis that, at such population levels, hyperparasitism was 
a iK'gligible factor. 

41u‘se (liainond-back moth surveys, carried out at the Cawthron 
[ixp('rimental Area, tlie Nelson town area and on the VVaimea Mains in 
the si'ason immediately following the introduction of Angifia ceropliaga, 
ga\-(‘ an indication of the nature of the interaction of this prinu'iry 
])arasite witli tlu' liy|)erparasite Eiipfcroinalus sj). in tlie field. Records 
trom die three localities all followed the same trend, demonstrated most 
cleai'h' in log. 3. 1 lere, as was to lx‘ expected, parasitism curves for 
botli SjX'cies rose from a low hwad at the l)eginning of the sumnier, 
readied a peak aliout January or k'eliruary and again decreascal inarkedlv 
in tile autumn. 1'he greatest significance, however, lay in tlie relative 
rates of increase and decrease of Angitia and Eiiptcromalus. The curve 
tollow’ed by Eitpteromalus both rose and fell niucli more sliarpl}' tlian 
that of Angitia. Thus, while Euptcromalus increased ra|)i(lly to signifi- 



Fig. 5 

iiiipfcyinnaliLs and Antntia on (liaimnul-hadv moth in the field 
Richmond. 1937-38 

cant proportions after the establishment of a high population density of 
Angitia, its attack virtually ceased as soon as the Angitia density was 
reiluced (as in log. 5). Moreover, even at the peak of hyperjiarasitism, 
iindtu' conditions wdiich appeared to be ofitimuni, Euptcroniahns <lid not 
totally ilestroy the Angitia population. Tlie fir.st season’s fiihl records 
therefore suggest that the activity of the hyperjiarasite Euptcromalus 
sp. could not, of itself, completely nullify the attempt to e.staliHsh Angitia 
ccrophaga in New^ Zealand, despite its devastating attack on the arti- 
ficially concentrated field colonies. These records, how^exau', do not 
demonstrate the ultimate effect of the part-destruction of concentrated 
Angitia po|)U,lations on the biological control of the diamond-back moth. 
From the residual Angitia population, which remains to attack Plutella 
even after the most severe reduction by hyperparasitism, it may be 
inferred that Angitia retains some value as a primary parasite. Later 
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field obserAGitioris by M'r. Mu^^eridge suggest lltal litis Aahie is liigli. 
However, it remains for iina*stigations which have been planned for tlie 
future to conxdate directly the interaction of primary ;ind secondat'y 
paiaisitisrn witlt tlie present j>o])ulation level of tlte (linrnondd)ack moth. 
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ON THE OCCURRENCE OF NATURAL ARTESIAN 
SPRINGS IN THE HOROWHENUA DISTRICT 

By G. Leslie Adkin, 156 The Terrace, Wellington 

(Read before Section E, Royal Society of New Zealand Science 
Congress, 22nd May, 1947) 


( Rfweived fiyr pzihlicciim^ 6th June, 1947) 


Summary 

\ (i(‘scri|)tion is given of the topographic and geomorphic features of the 
Iocalil\' in winch three groups of springs, rising to the surface under hydro- 
static ])iehsure, occur. Details of the distribution and surface features of the 
springs are given. The relationship of the underlying post-Tertiary forma- 
tions from which the spring water is derived is dealt with. Satisfactory 
evidence of tlic mode of origin of the individually restricted conduits through 
winch the spnng water reaches the surface has not been obtained. 

A number of springs of the unusual type specified occur in the Horo- 
wlienua district on the floodplain of the Koputaroa Stream. The locality 
is in the vicinity of the Koputaroa railway-station, on the Levin — 
Palmerston North section of the Main Trunk line, 65 miles north of 
Wellington City (see Fig. 1). The Koputaroa is a minor left-bank 
tributary joining the canal-like lower course of the Maiiawatu River. 
Idu^ Koputaroa rises in close proximity to the debrocliure of the Ohau 
Kiv(T, its most southerly source being on the western side of the extreme 
southerly emd of the Arapaepae Ridge of the Tararua western foothills. 
From tliis i>oint the stream flows for eight miles, obliquely across the 
Horowhenua lowland, to join the Manawatu River, eleven miles inland 
(by air line) from the coast. 

Along its lower reaches the Manawatu pursues a well -developed 
meandering course consequent on a very low gradient, the channel 
being tidal for many miles upstream from its mouth. A feature of 
this part of its course is the raised silt banks forming natural levees— 
firm dry ground, matching the curves of the channel, from live to fifteen 
chains in width. Formerly, these levee dike banks tended to impound 
file tributary drainage (on both sides of the river) to form extensive 
marginal swamps. 

In common with most of the other tributaries along the lower course 
of the main river, the floodplain of the Koputaroa Stream was masked 
except for similar though smaller levee-like banks fringing its channel, 
l)y deep swamp bearing a dense growth of moisture-loving vegetation, 
including stretches of kahikatea forest. In the case of the Koputaroa, 
the flood])lain swamp conditions originally extended upstream for a 
distance of four miles to a point a little more than a mile above the 
position of Koputaroa railway -station. 

Drainage operations carried out in recent years under modern 
farm development, having for their objective the production of in- 
creased pa.sturage for livestock, have banislicd the former swampy 
condition of the Koputaroa floodplain to a line a mile and a half down- 
stream from its former limit ; it is on this reclaimed area tliat the pre- 
sence of natural artesian springs, the subject of this pa])er, has been 
revealed. 
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The artesian-type springs of the area occur as three groups ; the 
first, numbering approximately three units, is located 80 chains iip- 
stivani from our adopted datum point, the Koputaroa railway-station ; 
the second, niimbei-irig twelve units, is 63 chains upstream ,• and the 
thii'd, tlic‘ principal group and the one more particularly studied, riurn- 
bt'ring 3-1 units, lies directly across the floodplain from the railway- 
>tation end 18 45 ('hains distant. A few otlier isolated but powerM 
s[)rings <)('('ur downstream from the third group and tlieix' is reason 
to beliex'e, fi’oin inf()rmati{)n supplied by local settlers, that otluu' groups 
nr units oc'cur in the still iindrained swamp masking tlu^ Knputaroa 
tlood|)lain fartlier downstream (Fig. 2). 



(ion fining attention to the three groups of springs in the artificially 
drained area, the fact that these are of progressively increasing number 
and volume of flow in a linear direction down-stream is in keeping with 
their relatively deep-seated source and high-pressure condition as 
compared with springs of more normal types. Since the drainage of 
the floodplain, which has resulted in the settlement and consolidation 
of its general surface, the efflux of each of the individual springs stands 
out as a flattened dome-like mound up to 2 ft. 6 in. in height ; the mar- 
gins of tliese are usually well-defined and rather abrupt. In diameter 
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the iriounds \'ary from a mininium of a few yards rip to 40 or 50 yards, 
witli one mound of twice the latter diameter. I'he area.l exteiit (^f 
each mound ap])ears to be controlled principally by the individual 
volume of ascending water and to a lesser degree by conditions laA'ouring 
or hindering the flowing away of the water disciuirged Irom tlu' viail 
or springdiead. I'he material of the mounds ap{)ea,rs to Ix' similar 
to that of the floodplain itself except at the centre's wlu'ia' silts and 
mud from below are buoyed up in an extremely Iluid ('ondilion where 
the conduit carrying the uprising waters reaches tiu' surface ; tiu' w- 
mainder of each mound is crusted over by a inoit' or h'ss ('ontiimous 
turf, the whole quivering underfoot to an increasing degix'e as tlu' 
dangerously unstable centre is approached. It should lu'U' be stated 
that the artesian cliaracter of these springs lias liecn amply (h'liiom 
strated by the effects of sinking a pipe at one of tliem. 'flu' natural vent 
dried up and the pipe discharged, from a de])tli of 28 fend, a good flow 
of the clear, sparkling water characteristic of artesian wells of moderate 
depth, the water rising to a height of approximately two feet afiove the 
general ground -level. 

An additional point may be noted before turning to a consideration 

of the source and origin of these spxdngs. A significant featun.' im 

dicative of their relatively deep-seated source by reason of which they 
reach the surface under marked hydrostatic pressure is tlu'ir inde- 
pendence of the surface drainage. Several of the. sfuing-heads rtaacdi 
the surface in quite close proximity to the strca.m-(’ha.nnel oiug indiMx!. 
on its very brink the upllowing waters rising eight to ten find abo\'e 
the stream water-level instead of seeping laterally to it in tiu^ manner 
normal to ordinary ground -water. 

Origin of Springs 

In discussing the origin of tlie Koputaroa arttrsian -type springs it 
will be necessary to review briefly the releva,ut saJienf [{xduo's ami 
structure of the geological formations of the terrain in which they oc<mr. 
The basement rocks of the area are the Trias -Jura. (?) gn'ywacktr argillitt* 
series of the Tarariia Range ; these form the ' old land * of tlu‘ an'a 
and extend westward at depth under the fringing lowland stri]). 

The lowest member of the Quaternary formations of the lowland 
belt is the older piedmont fluviatile deposit extending from Waikanae 
to the Rangitikei River — coalcscent major fans of the })resent rivers 
(a series of about eight), referable to the later ])art of tlie Rady Ideis- 
tocene, A suitable local formation -name would l)c Ohaii Series, tin* 
maximum tliickness disclosed to date being 530 feed in Oban fan 
at a point about 70 feet above sea level and four and a half rnih's down- 
slope from the fan apex (altitude 345 feet). 

The. next formation is that which originated as tiui Horowlumua 
coastal plain — sandstone and consolidated silts, })re(lominantiy marine - 
and known as the Otaki Series, though siir-viving to only a minor extent 
in the Otaki area, is well-developed and preserved in central am! 
n{)rt)icrn Horowhenua County and northwards towards Wanga,uui. !t 
overlies the major fans, attaining its maximum thickness at their coak.‘s 
cences and thinning towards their respective apices, 'hhe age, on 
diastrophic grounds, is approximately Later Pleistocenes to Idxxmt. 

Overlying the lowered and dissected surface of the Otaki Seri(^s is 
a minor formation of Recent age comprivSing the tloodphiin and irregular 
fan-like deposits of minor water-courses rising in tlie 4'a,ra.nia foothills 
and debouclhng on or crossing the lowland area. 



mm 


1948) Adkin — On the Occurrence of Natural Artesian 
Springs in the Horowhenua District 






The N.Z. Journal of Science and Technology (March 

The remaining formation of the district ~Mh()Ugii imt rehn'ant to 
the present discussion — is the coastal aeolian belt, t‘xtendiug hnni 
Paekakarild to Wanganui. This has not received a local iormatiou 
name, and to supply a need, Himatangi Series is suggesttxl. tin,' maxi- 
mum width, of the belt (eleven miles) being attaiiux,! at tin' original 
Himatangi site near Kangiotu. 

Reference to the section, Fig. 3, will main* chxir tlu' siuaa'ssion and 
relationship of the relevant members of the foregoing formations along 
a line from the Ohau debouchure to the Manawatu Kivt'r a iiiu' a|) 
proximately coincident with the course of the Koj)iitaroa. Stream, 'flie 
levels and contacts are carefully plotted, using all available data.. I'here 
is sufficient evidence that the depositional dip of tlie surfaci' of the 
Ohau fan varies more or less rythmically in a radial elirection. Henec 
a curve representing that surface changes from coinYxity iminediatttc 
below the fan apex to concavity farther down the slope with considta'able 
flattening towards the periphery. I'his major reversed curwature 
is diversified by minor rhythmic undulations. The basal |,)ortion of the* 
Otaki sandstone appears to have been deposited on tlie fan sinttuu* 
during a period of secular subsidence under conditions which did not 
permit any appreciable modification of the fan surface (unless it can 
be proved that the minor undulations mentioned al)o\'e arc' due to 
successive incipient planations repeatedly interrupted by i'ontinued 
subsidence, instead of being due to depositional limitations during 
the final stages of the building of the fan, as suggested by liu' j>res('nt 
writer, in an earlier paper (1911)). Along the line of tlu' section gi\'('n, 
the coastal plain surface originally varied from about 5(H) fcad al)o\'c' 
present sea-level at the fan a])ex to about 230 f(‘(‘t at tlu' Manawatu 
River at the Koputaroa confluence ; tlie former shon‘~lim' along the 
foot of tlie hills, however, varied between these two j)oints fj-oin about 
500 feet to about 580 feet. Subsequent erosion and (h'lmdation nr 
duced the sandstone formation to a relatively thin covc'r on tin' slopcrs 
of the fan. 

Near its source the floodplain of the Koputaroa Stream lic^s dinx'tly 
on the denuded upper part of the Ohau fan, and lowi'i* down (for tlu* 
remainder of its course to the Manawatu River) on the crock'd and 
lowered surface of the Otaki sandstone. The floodplain deposit - 

clays and silts on a thinner basal layer of gravels- gradually ga,ins 

thickness in a downstream direction, being from 1042 feet east of lau'in, 
up to 22 feet at Broadbelt’s artesian (see map, lug. 1), and 28 fc'ot at 
Koputaroa railway-station. The floodplain varies in width from 15 
chains to 30 chains. 

The Ohau Series and the Otaki Scries may Ik; mganlc'd as ('fficient 
and well-supplied aquifers although perclied wa,ter tahk's on thin (some* 
times extensive) lenses of clay, etc., undoubtedly occur in both. I hc' 
upper, predominant layer of clayey silt of the Koputaroa. floodplain, 
especially along its lower course, functions as an impervious, or relatively 
impervious cap, since the potential artesian water below is cc'rtainly 
under hydrostatic pressure. A peculiar feature is this ('fleet of c'ontn)! 
by a comparatively narrow impervious strip. The ex})ected natural 
rise of water under head to levels in the sandstone slojx's (lug. 4) on 
either side of tlie Koputaroa valley apparently does not occur siifficic'iitly 
freedy to relieves the hydrostatic pressure below the floodplain strip ; 
hence hydrostatic conditions remain sufficient to give rise to the artc'sian- 
type springs of the locality. 
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Tlie nature and origin of the conduits through which the springs 
discharge (lugs. 4 and 5) are problematical. There is no obvious ar- 
rangement or grouping of the springs to suggest fissures of linear extent. 
Eavh conduit seems to be of the nature of a single defined vertical 
perforation of tlu' impervious silts, here about 25 feet in thickness. 
Layers, or lint's, of j)orous material within the impervious silts lying 
paralh'l to thv ground surface or to the bedding (if any) could reasonably 
bt^ assumt'd. On tlie other hand, the occurrence of c pipes ’ of a porous 
inatt'i'ial of slight and strictly limited lateral extent running at right 
angle's to tlu: dt'posit, or elongations of weakness of similar trend, to give 
rist' to tlu' fornuition of the spring conduits, presents a problem of some 
ditficulty. The idea that the springs were initially formed in the early 
stages of floodplain deposition and persisted as it was gradually built 
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Fig. 5 


up to its present level, while not inherently impossible, appears im- 
prolxihle. No satisfactory hypothesis of the origin of the spring conduits 
can at present be offered. Four ways in which apparently vertical 
muddilled holes in alluvial ground could be formed were discussed by 
Marwick (1937) iu his paper on the Upokongaro examples, but none of 
them appears to be applicable to the atresian-type siudng conduits of 
the Horowhenua locality. 

With an ever increasing need for adequate water sujiplies as pastoral 
and industrial enterprises develop, the presence in any other area of 
deep-seated, mound-forming springs such as those recorded in the 
present paper, should prove useful in indicating the occurrence there 
of perhaps otherwise unsuspected artesian waters, 
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THE MEASUREMENT [OF INATURAL VENTILATION 

By L. Bastings, Dominion Physical Laboratory, Department of 
Scientihc and Industrial Rcsearcli, lAjvver Hiitt 
( Received for puhlicat ion , 17th July, 1047) 

Summary 

A lt,'('hiii(iu<.‘ has been developed for a,p]>l yinj^ an a,cro])Iaiii: (wliaust 
s^as analyser to the nieasurenient of natural ventilation rates in closi'd rooin>. 

'!'hc method d(;pends on tlie abnormal cooling of a. liea.ted \vir(‘ in an at inns 
phcrc containing a small percentage of hydrogen and tin' changt* in !'(‘sis(ani e 
accompanying tins cooling. Results are given of measuremctds mad(* willi 
this a])pnratus in domestic rooms under a variety of <a)nditions. 


The rate of ventilation in a closed space is usually <!xpr(*ssed in terms 
of the number of complete changes of air occurring pci' hour. 

Thus a room of 1,000 cu. ft. is ventilated at the rate of two ('hangcs 
per hour when 2,()00 cu. ft. per hour of fresh air finds its way or is for<'(‘.d 
into the room, while a like amount of room air is remoxaul. 11 docs 
not, of course, follow that in each half-hour the whok^ of tlu' original 
air is replaced. Actually, if we assiuiie complete mi.xitig at all stugics 
between residual and incoming air, 36.8 per cent, of the original air is 
still present w'ithin tlie room at the end of the lialf-hour. 'This follows 
from tlie following consideration. The rate of loss of the original air 
may be taken to be, at any time, pro))ortional to tlu' N’olumc (V) of 
original air remaining at that time. 


where k is the rate of air cliange, assumed to be constant. 

From tliis we have that 

Vt = Yo kt 

When one complete air cliange has occurred, kt I ; so that 
Vf, Vf> — I ™ 0.368, 

or 36.8 per cent, of the original air is still included within the room. 

Recommended rates of air change in rooms and buildings are given !)y 
various organizations. The Institute of Heating and Ventilating 
Engineers, London, (1) has issued a booklet in which it recomnn'iids rail's 
of from I up to 10 changes per hour in various specified types of rooms 
and buildings. From this booklet, the following typicar examples are 
quoted. • 



Air Change 

s per hour. 

Room or Biiildmg. 

Not more than one 
external wall with 
doors or windows. 

More than orui 
e.xternal wall with 
doors or windows. 

Flats mid Residences 



Living Rooms 

1 

■■ l-k 

Bedrooms 

IL '■ 

'2* V, 

Lavatories 

Hotels 


' ' ' '2 ■ ■ 

Public Rooms 

■ ■ 3.' ■ : 

■■ '3 : f 

Dining Rooms 

3 


Sitting Rooms 

Schools 

H 


Class Room 


- '3 .y' 

I..,al)oratorioa . i 

■' 4 


Assembly Flails 

Hospitals 


ii 

Warrls 


3 

Operat in g '.1 ' h cat res 

10 

10 

Offices 


2 
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In Great Britain, H.M. Inspector of Factories has recommended 6 
changes per hour as the minimum which should be provided in factory 
workrooms generally, but there are a number of qualifications to this, 
covering special circumstances. 

Similar standards are current for factories in New Zealand, also, but 
again a variety of circumstances may operate to modify these values over 
wide limits. 

It has recently been shown (2) that, in modern dwellings in New 
Zealand, it is desirable to maintain a ventilation rate of at least three 
changes pen’ hour, in order to counteract the tendency towards dampness 
and th(' conscMiuent mould which is prevalent in New Zealand houses. 

No method of measurement of rates of air ventilation is mentioned in 
any of tliese official or technical recommendations. When all the ven- 
tilation is })ro\ml(xi by controlled inlets, such measurements are not very 
difficult. 4'h(‘ velocity of the air at each inlet may be measured by 
anemometer or velometer, and the volume of air entering per minute 
calculated from this and from the cross sections of the inlet ports. 
However, when the whole or the major part of the ventilation is by 
natural circulation between the exterior and the interior, and the fresh 
air finds its way in through open windows and doors, or by the cracks and 
gaps around doors and windows, it is practically impossible to estimate 
the rate of air intake directly. If, however, a method can be discovered 
of estimating the proportion of the original air which remains in the 
room after a selected interval, this may be used to calculate the rate of 
air change. 

I1ie first attem])t tliat appears to have been made to use this approach 
is recorded in tlu^ Report of the Building Research Board for 1927 (3), 
Mc'asmmnents were made of the increase in the amount of carbon dioxide 
accumulating iti the room in three hours, consequent upon the burning of 
thret', standard candles. An increase of 2.8 parts per 10,000 corresponded 
to 3 changes per hour in a room of 1,560 cii. ft., while an increase of 7.9 
parts per 10,000 resulted from 1 change per hour. The method obviously 
sutlers from being dependent critically on the conditions governing the 
burning <.)f tlie candles, and does not in other ways lend itself very readily 
to general application. 

Some time later, the Building Research Station investigated two 
further methods based upon the same general principle. In the first of 
these, following a suggestion of H. Hertz (4) in 1896, steam was applied to 
the air in a room at such a rate as to maintain a constant high relative 
h timidity . The water supplying the steam was automatically replenished 
from a graduated vessel and the rate of replacement of water became a 
measure of the rate of air change in the room. The method ])roved 
unsatisfactory, however, because of the absorption of the water vapour 
l)y tlie walls and contents of the room. 

The second metliod used by the Building Research Station is described 
brieliy in tlie annual report of the Board for 1934 (5), and also in a paper 
by Marley (6). 'Fhc method utilizes a small initial concentration of 
either hydrogen or carbon dioxide dispersed in tlie room and measures the 
rate of replacement of this gaseous mixture electrically. Two arms of a 
Wlieatstone bridge circuit consist of two spirals of platinum wire, of 
approximately equal resistance. Tliey are enclosed in adjacent cavities 
in a heavy copper block, and supplied with equal electric currents. In 
this way, they .should normally attain almost identical temperature ele- 
vations. Two resistance coils, of similar magnitude to the platinum 
spirals, occupy the other two arms of the bridge. After balancing, one 
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spiral is exposed to normal air and the other to a continuously ('harii^iny" 
sample of the air from the room. Owing to the dilTertau'e in tlu'nnai 
condiicti\aty l)et\\'een normal air and air containing eitiuM' iiydrogt^n or 
carf)on dioxide, the spirals are cooled differentially, and the bridge thrown 
out of halance. The deflection of the galvanometer inserted in the 
bridge thus becomes a measure of the deviation from balamu' and llKau'e 
of tiu‘ difference in conductivity between the two samph's of air. If 
the deflection of the galvanometer is followed continuousl\^ for some 
time during th(‘ ventilation of the hydrogen -charged room, llu' rati' of 
its return to the balanced position becomes a measuri' of the rate of 
replacement of the mixture by fresh air and thus oi the rati' ol Nimtila- 
tion taking place. 

This application of a Wheatstone net to the estiimitioii of tlu' com 
position of gas mixtures seems first to have bt'cn de\a'loped liy Shakes 
peare and Daynes (7) under the title of the “ katharomi'ter A 
commercial instrument for estimating the concentration of carbon dioxide 
in flue gases has been put on the market by the Cainbridgi' Instrument 
Company of England. Instruments of this type, described as “ fui'l 
mixture indicators '' have been in use for some time in aero]danes for 
estimating the percentage of carbon dioxide in the exhaust gases, with a 
view to adjusting the fuel-air ratio to greatest adva.nta.ge. 

One of the instruments, made available to this luiboratory by courti'sy 
of the (),('. Repair and Maintenance Branch, R.N.Z.A.IC, was iin't'sti- 
gated with a \'iew to adaption to tlie nujasuremeiit of vi'ntilaiion rates. 
It consists of two units, the “ analysis cell '' and thi' “ iiidii’ator unit 
The analysis cell contains four spirals of line platinum wire, each mounted 
axially in a separade cylinclrical cavity in a lirass block, and connected 
electrically to form the four arms of a Wheatstone ni't. Two of tlu'se 
spirals are I'xposed to the atmosphere being sani|:)led, and two to a satnple 
of normal air, dilTusing in through a line Iiole in the biass liloi'k. In 
order to eliminate the effect of change in nioistnri' I'onti'nt of the aii, 
both samples are maintained in a state of saturation. 'Thi' foiu' e.h'inents 
are arranged in circuit with a ballistic tube curn'.nt regulator and watli thi* 
necessaiy resistances for sensitivity and zero adjnstments. A baf iery <>f 
12 volts supplies a current of about 252 milliamps. 'flu? out-of-balaiu'e 
current from the bridge is applied to an iiiciicating galvaatometin' of the 
moving coil milliammeter type, the sensitivity and damping of which is 
controlled by series and shunt resistances. The scale of the meter is 
graduated to read the fuel-air ratio directly. The scale divisions art' of 
uniform width and run about 12 to the inch. I'he pointer, though 
suitable for its original purpose, is too wide and blunt to allow of ac- 
curate subdivision of the scale ; therefore a finer linear scab' was sub- 
stituted for the one provided, and a short piece of line win^ attaclu'd to tlu' 
pointer. In this way, it was possible to obtain a dellection of about 15 
divisions for 1 per cent, of hydrogen, and to read the position of the 
pointer to tenths of a division. A reading lens (x 3) was usi^d with 
advantage. 

The process of measuring rates of air change in a room with this 
instrument is as follows. Hydrogen is released into the room from a 
storage bottle, to the extent of about 1 per cent, of the cubic content 
of the room (the danger level is about 9 per cent, of hydrogen). Mean- 
while a fan mixes the air thoroughly. At the same time, a sample of 
fresh air is drawn through the analysis cell by an exhaust pump. 'The 
position of the galvanometer is now noted, and tlie hydrogen and fan 
shut off. The circuit is then switched to draw sam]>ies of th(‘. mixed 
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air continuously from the room. The departure of the galvanometer 
from its Ijalanced position is watched closely, and the times of transit 
of the ]'){)inter over about 10 consecutive divisions of the scale are noted. 
iM'oni tliesc’ observations, the time for one complete air change is cal- 
culated. 

This calculation depends on the following considerations. Suppose 
(Ij and ({._, be the deflections at times tj and t.^. Then, assuming that the 
deflr'ction at any time is proportional to the concentration of hydrogen 
at that tinua we liavc ; - 

da = d, e 

\\'li('nc(' (t^ - ti)k log,, d| ~ loge dg 

(iT time for 1 cluinge = 0.434 (tg t^) 
log dj — log (.12 
tlie logs now being to base 10. 

I'lie method is illustrated by the following example : — 


Zero initially : 22.6 


Div. No. i 

Transit Time. 

Net Deflection. 

40 i 

Min. vSec. i 

43 10 i 

17.5 

39 

44 5 I 

16.5 

38 

45 5 

1 5 . 5 

37 

46 20 

14.5 

36 

47 45 

13.5 

35 

49 15 

12.5 

34 

50 45 

1 1 . 5 

33 

52 20 

10.5 

32 

53 55 

9.5 

31 

56 10 

8 . 5 


Z('ro tinall y : 22.4 Mean Zero : 22.5 


iOuuw (d , io do), 

Interval - tp. 

(minutes and seconds) 

1 

Difference 
(log di - logds) 

iinu* for 1 cliange. 
(minutes) 

17.5 to 12.5 

6 

5 

.1461 

18.1 

16.5 „ 11.5 

6 

40 

.1568 

18.5' 

15.5 ,, 10.5 

7 

15 

. 1691 

18.6 

14.5 9.5 

7 

35 

.1836 

17.9 

13.5 „ 8.5 

8 

25 

.2009 

18.2 




1 

Mean: 18.3 ^ 


Mean ventilation rate = 3,3 changes per hour. 


Reliability OF THE Methol) 

With a view to testing the reliability of the method, a large box 
was lined with fibre-board to make it draught-tight, and was provided 
with a number of controlled inlets and outlets. Into this box was 
introduced a small proportion of hydrogen, and samples of the mixture 
were then run continuously through the analyser. The miniature room 
was next ventilated by withdrawing the mixture at a fixed rate by an 
exhaust pump, and measuring the volume extracted by passing it through 
a standard gas meter. The air replacing this mixture found its, way in 
through an inlet provided for the purpose. Measurements of the rate of 
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veiitilation, as estimated by the gas meter readings were found in agree 
with results deduced from the gas analyser method to within about 
5 per cent. As ventilation rate is a quantity which ]>roba,l)ly va.ri{‘s 
appreciably from minute to minute in quite an irregular ma,nn(a-, it 
seems likely that this order of accuracy is sufficiently great for all ortlinary 
|:)urp(:)ses. 

Results of the Measurements 

Results of such measurements naturally vary between ratluu- wide 
limits with changes in external conditions, and in relation to the aspcH'.t 
of the room with respect to the wind direction at the time of the iiuresuit*- 
ment. However certain conclusions, which may serve as a genenil guide 
in reference to typical New Zealand houses of the modern typcu ha\H‘ bcnm 
arrived at. These conclusions are summarized in Tal)le I. 


Table I. Range of Ventilation Rates in Closjod iUioMS 



Number of air 
changes per hour. 

Calm (Beaufort 0-1) 

0.6 - 1.2 

Breezy ( ,, 2-3) 

1.3 - 2.4 

Windy ( ,, 4-5) 

2.4 -3.0 


Increase in Rate due to : 



Open Chimney. 

Wide open 
Fanlight. 

Wide open 
Window. 

lirighUy 
Ihiniinp, Ion* 

Calm 

1.0 -1.5 

0.5 - 1.0 

0.5-2. 5 

4 - 6 

Breezy 

1.5 -2.0 

1.0 -2.0 

,3 -7, 



The results for open fanlight and open window arc obviously par- 
ticularly dependent on aspect with respect to the wind. 

An interesting set of measurements was made in :i, room in which 
a special type of cornice ventilation had been installed. This type 
of ventilation has been discussed elsewhere (2). The original cornice 
in this room was removed, and the wallboard pierced so as to leave a 
gap of aboiit | in. all round, at its junction with the four walls. This 
gap thus gave a free passage for air between the* room and th(‘ atiie 
space, between the ceiling and the hipped roof. A m'w cornicu', 2 in. 
in width, was then installed, about 1 in. below the ceiling face, in oi-(ler 
to direct any incoming air across the surface of the ceiling and so reduce 
the risk of direct down-draughts into the room. 'I'lic^ ixisults of imnsuiv ■ 

ments in this room are presented in Table II. 

'Jable il. Range of V entilation in a Room with Ventilated Cornice 


Number of air 
changes per lionr. 

Calm (Beaufort 04) 1.8- 2.5 

Breezy ( „ 2-3) 2. <5 - 4.0 

Windy ( „ 4-5) 5 - 10 
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I'liese results serve to indicate the difficulty of securing a ventilation 
rate in a room of three or more changes per hour at all times. If a room 
has an ojxm lireplace or an efficient system of natural ventilation, such a 
rate of a,ir change is not difficult to attain in breezy weather, but in 
calm weatlier, it is clearly necessary to supplement this by throwing, 
open the windows as well. This point has a considerable bearing on 
the prolilem of combating the development of liigh luimidities within a 
house in calm, damp weather and specially at night. At such times, 
conditions art' most favourable for the first establishment of mould 
growth in the liouse. 

Applications 


The instrument liere described for measuring rates of ventilation 
is, in its presf'iit form, scarcely suitable for general industrial use. How- 
ewu', in the hands of an experienced technician, there appears to be no 
rt'ason why it should not be applied to the measurement of ventilation 
rates in factories, offices and public buildings, if satisfactory conditions 
of measurement can be arranged. 
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Summary 

'Hu,' slrati.nraphy uf KekeraniiU distriet is liriefly outlined and correla- 
titais with iiearhy (laia'tice Valley and North Canterbury are shown by 
cnlumiiar sect ions. 

'riu‘ (riiiicalion and o\'c*rla|i of (‘larcntian (Alhian) hy I’iripauan 
(l’j)l)er Senoiiian ) and yoinmer units is indicated tor MarH)oroiigh and 
North Canterbury. 

Two snhdned snrfaces vvere i:»laned in lower Mesozoic and older laise- 
nu'iU rock - -a ])re”Albian or irre-Upper Ai)tian, an(l a pre-Upper Senonian 
surface - and the time span seirarating tbese surfaces indicates that the 
]»re-l’pl>er Senonian surface inust truncate the pre-Alhian one. 

'Phis evidence is applied regionally to demonstrate a major uncon- 
formity in the Upper ('retaceous. 

■ TnTR()DIJCT10N ■ 

DuKiNt; Jauiiary, 1946, Cretacecnis and Tertiaiy sediments at Keke- 
rangu, Ifast Marlborough, were mapped and subdivided into eight 
stratigraphic groujLs ; samples were collected for microfaunal analyses 
and l)r. H. J. Idnlay assigned ages to several groups. An attempt was 
made to correlate these groups with those in the nearby Clarence Valley, 
south-wt'St in North Canterbury and the east coast of the North island. 
Although details oi this stratigraphic work in Kekerangu Valley are 
yet to he published, it was thought that a preliminary discussion of the 
main points of evidence would stimulate awareness to the major un- 
conformity between the Lower and Upper Cretaceous. 

The relations of the L.ower and Upper Cretaceous and Tertiary 
groups, and particularly the south-west overlap relations of these groups, 
will first be discussed from East Marlborough and North Canterbury, 
to illustrate the major break in this, region, then an attempt will be made 
to show that this major unconformity and overlap relation applies in 
three (Ther regions in New Zealand where Cretaceous sediments occur 
over considerable areas, 
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Stratigraphy of Kekerangu District 

To illustrate tbe point taken, stratigraphic columns are introduced 
(see lug. 1) aiKl correlations with adjacent regions art' indicated Micro- 
faunal age determinations are used for tlie time sulxlivisions at 
Kekerangu, but inacrofaunal evidence, mainly in tlie form of ammonites, 
is used for regions beyond Kekerangu. 

in Fig. 1 ( Sect. 3) the subdivisions of the succession at Kekerangu 
are shown ; the sediments are classitied as follows : 

Approx, 

European Descriptive Note 

Equivalent 

L. Pliocene Coarse, angular, crudely bedded, 
conglomerate, 50-300 ft. thick. 
Discon formity and overla]). 

Deadman Creek Altonian L, Miocene Dark gre\' mndstoruv silt, sand 

Group stone and thin rouglonieratty 

1.000 ft. ('ontact faulted. 
lJnconft)riHil V and (uaudap. 
Ihiingia of Pov(M'ty Dri\ and 
tlawke’s 

Kekerangu Group Waitakian Mid, Oligoceiie Liglit gret’, hue, marlt- linu^- 
Diuitrooiiiaii L. Oligoceiie stone, inaii and gn'ensand, 
Whaingaroan 500 ft. Con tai t fault e<i. Weber 

l.lmestone <d' Hawke's Ha\, 
Atmiri Eimestone of NVaipara. 

Benin ore Cxroup U, Bortonian M. Eocene (irey limy bentonitic shah’, grey 

shaly and thin marf\' limestone. 
Basalt flow find dykus. 4t)0 ft. 
-Basa^l . contact: faulted. VVa.n- 
stea.d of. ];t,a;w:ke*s ]''k::i,y a:Md 
. Poverty Bay. 

VVliite and drab, (lense, line 
grained siliceous limestone, 

2.000 ft. Grey to lilack cliert 
600 ft. l>isc(;)iiforri)it:y 

Grey ca.rbonaceon.s shale with 
large brown coiicretioiLs, 
Inoceramus fragments, 2,800 
ft. Resentl:>les Ixiwer Ma,nga;ln 
(of East Coast). ,M.ajor .in.i-' 
conformity.. 

Dark, grey to blac.k sand and sliale 
, banded,' sheared ■ an„d, co.nt<,>rted, 
Inoc&mmus, 100 ft. .cobble' 
con glomerate at base, 3,000 
. ft. ^ ■ tliick:,., .'. '.Disconfcirinity.' 
■ Simila.r tO', the'' Tap.uwaeroa,' o.'f 
Hawke’s Pjay and Povert}' 
", Bay.::;.,,; 

Alternating grey sandstoiu’. and 
mud.stone, 1,500 fL 1iuc;k- 
Similar to Pfiuktimara of ICast 
(.'oast. Base not exposeil . 

The above groups and their relations have been mapped ami dis- 
cussed m detail elsewhere and the essential information reiniired in the 
present ch.scussi(,m is included in the above talde. 


Aniuri Limestone Heretaun gan L . Eocene 
and Chert 
Member 


Woolshed Shale Piripauan U. Senoniau 


Good Creek Group Clarentian Albian 


Whernside Group Clarentian Albian 
and Mangaotane 
Mudstone 


Rock Unit Age 

Great Marlborougb Waitotaran 
Conglomerate 
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Southward Ozierlap 

A study <>1 the coluiunar sections shows that the Whernside and 
ii(iod t. rc*t‘k grou|)s thin to the south-west ; they are alniost absent in the 
CTuAMice-l)ea(linaiTs Creek region (King, 1937, pp. 21-4) and twenty- 
tive miles furtlier south, at Kaikoura Peninsula are reduced to 500 feet 
or less. Still furtlier south, at Ainuri Bluff, the Clarentian (i.e. the 
Whernside and Good Crt‘ek groups) is absent and the Woolshed shale, 
i.e. Idripauan ( [Jp})er Senonian), rests on basement rock. A major 
hiatus is liere indicated. 

dlK‘ age and correlation of the Woolshed Shale are shown on lug. 1 
(Sect. 3) ; the two ]>ertitumt microfauna samples from this group were 
(issigned a " Toj) Cretaceous’’ agt' by Mnlay and here a I’iripauan age 
is accepted. It will be noted that this group evidently thins to tlie south- 
west; it is not recorded in the Clarence-Deadman Creek ix'gion (King, 
1937, p. 22-4); the section in that region, however, is coiipdicated by 
overthrusts. Thirty-fve miles south-west the Piripanan is reduced to 
800-1 ,{)(K) feet and a thickness vrirying around that figure is characteristic 
of this group in North Canterbury. The exception is Malvern Hills; 
but in that district a tongue (or tongues ) of terrestrial sediments (Glen 
ITmnel Coal Measures) increases the stratigraphic thickness. 

These stratigra])liic anomalies may have several explanations, but 
the (A'idence strongly favours major unconformity. It will be noted that 
two sul)due<l surfaces cut in basement rock are involved; the older 
surface is jax'-ClaiaMitian, i.e. pre-Albian, and the younger, pre-I^iripauan, 
i.e. pn,‘-Up])er Senonian, and the time-span separating them will not 
allow us to confuse them. Further the pre-lJpper Senonian surface 
truncates tlu* pre-Albian one, and Upper Senonian sediments transgress 
across 11 k‘ truncated edges of the Albian. 

ddiis vi(‘w is not original ; Hector (1873-74, p. 12) considered his 
Amuri Stndes ( Lowim* Gretmsand ) di.stinct from the overlying Waipara 
h'ormation (’Cretaceo-Tertiary), and that master of the reconnaissance 
method, McKay ( 1890, pp. 146, 151, 152) records conclusive evidence 
for major unconformity l)etween the Amuri Series and Waipara Forma- 
tion in Clarence and Awatere valleys. I have discussed the evidence for 
a major break between the Good Creek Sand and Woolshed Shale else- 
where; the contact of these groups is obscurely exposed at the junction 
of Go(h1 Creek and Kekerangu Stream (additional regional evidence in 
.support being shown on the columnar sections (lug. 1)). 

I9*om this evidence it seems safe to conclude that the Clarentian 
terminated a S(‘(limenlary and diastrophic cycle, and the land was reduced 
to a tcu'rain of low relief before the Piripauan was laid down. 

The “Amuri lumestone” and Chert Member (ITeretaungan, T.ower 
Focene) l)oth thick and persistent in eastern MarUiorough, also have 
the characteristic thinning and elimination to the south-west. The Chert 
Member is 500 feet thick in Benmore Stream, a branch of Kekerangu 
Stream, but to the south-west King (1937, p. 24) notes much thinning. 
At Kaikoura Peninsula the Chert Member at the base is missing, at 
lea.st in sections examined by the writer, and an incomplete section of 
Hineslone with layers of clay (Waipawan, Paleocene) rests on the 
rdri[)auan, a, two foot band of glauconitic sandstone marking the con- 
tact. The southward thinning of the 2,000 feet '' Amuri Limestone ” 
(Heretaungan, I.. Ftocene) is pronounced; the thickness of this group 
cannot be measured at Kaikoura Peninsula as the top is eroded. 



283 


The N.Z. Journal of Science and Technology 


( M’ AY 


It will be noted that this thinning and elimination of tlir “ Anmri 
Limestone and Chert Member and older groups, hroadl\' coiiu'ides with 
the southern limit or margin of the pre-lJpper Senoriian sedimenlar\’ 
basin. This region of elimination of stratigraphic groups, ^ se{)a!*ales 
the geosyncline from the shallow labile shtTf region extending to tlu‘ 
south and south-west. Such margins are usually l)elts of persistent in- 
stability and this may account for the thinning and elimination of 
stratigraphic units. » 

The siliceous “ Amuri l^irnestoiu^ ” and Chert Ma'inhm* were almosl 
certainly deposited in the det‘per regions of the UpiRN* Senonian, expand- 
ing geosyncline, but not necessarily in deep water. The near correlativass 
of this group extend soutli-west across the latiile shelt region, with 
greatly reduced thickness and marked change of facies, e.g. tlie lien- 
tonitic shale of Waipara-Weka Lass ( Maiiga()rap;in, Lower Ifocene ), 
Discocyliiia Beds ( S])eight, 1923) of liyre ICver ( i.ovver ICocene), and 
the Aslile}^ Beds ( Mason, 1941, pp. Il6-1 ) of Mount Cirty. 

Disconformity, erosion and mild nneonformity hav(‘ laam observed 
at the base of these groups (Ix)wer at several localities hut the 

orogenic pulse, as elsewhere in this countr\’, was not intense eiiough to he 
recorded as a regionally recog:nize(L stratigraphic break. Such a break 
is likely to be more ] pronounced on structural highs. 

In 1946, Dr. B. II. Mason'^* recognized bentonite in (he Whiipara sec- 
tion and Idnlay considered this bentonitic member Mangaorapaii in age 
(Lower Ivoceiie ). ( )ngley and the writer later t‘xamined tin' VVaipara 
bentonite, collected two samples for microfaunal analyses, and notetl tliat 
the bentonite member was sejia rated from (he VVaipara ( <rc‘eris,‘uid ( ?) 
by 50 feet to 100 feel of obscure seel ion, and from llu* overlying 
limestone by a greater Ihickness of carlionaceous marl, dhe VVaipara 
bentonite cannot therefore be correlated with tin* Kt'keraiigu In'ulonile 
or the Wanstead bentonite of the East C'oast by micrtdVauna, I he VVaipara 
bentonite being Lower Eocene, the latter two, Middlt* 19)C<‘ne. This 
bentonitic group will be observed at furtlier localities in Nortli (‘aiilc*!*- 
bury, but it may be niissing on struclural highs. The facies change to 
the south-west is much less obvious than in tin* inuh'rlying silict‘ons 
group. 

I have discussed elsewhere why the* name “ Kekerangu (Irou]) was 
anomalous when given to these sediments. That group is correlative iu 
its lower parts with the (dxford chalk of Chalk Mill, and as a whole 
comprises Whaingaroan, 1 Hintroonian and Wailakian lime units, ( Lower 
or Middle OHgocene). It is correlative with the WMsa ikiss limestone 
of the Waipara area, and the Weber of I lawkeT Ikiy atnl Lovrrty Bay. 
Correlations wdth North Canterbury are showm on log. L l)uring 
Whaingaroau-Waitakian times the sea sjwead south and south-west over 
the labile shelf region, and almosl certainly the sediments of the youngi'st 
time unit, i.e. the Wailakian, overlapped sediments of older lime units. 
Although extension and probably deepening of the geosyncline is indi- 
cated, these events were not progressive or continuous, Imt were iiit(*r- 
rupted by minor orogenic pulses, which are reconk'd l>y mild <lis- 
cordances and disconformities at the base of this group an<f also within 
it. These mild ai)pearing breaks caused controversy among N(‘w Z(‘aland 


Unpublished information .supplied by Dr. K H. Mason, Canterbury l.'ui-' 
versity College. 
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stratigraphers, because angular discordance was expected, but regional 
angular discordances should not be expected during this phase of the 
orog(‘nic cycle. The more obvious breaks should occur on the crestal 
parts and higher nanks of structural highs. 

hi Kel^erangn ai'ea, owing to chaotic thrusting the basal contact of 
tliis grou|) cannot lie studied. Regional discon forniity and unconformity 
show in scweral stratigraphic sections to the south-west (st^e lug. 1). 
For (‘xam|)le, at Amuri Rluff, by absence of units and thinning and 
truncation of units, at Chalk Hill where the Whaingaroan (I.ower 
Oligocene) rest on the ftyre Sand (Lower iLOcene), and at Waipara 
and Wc'ka Pass, breaks lietween the Amuri limestone and VVeka Pass 
stone, liaxe betm discusst^d by several oliservers. 

vS[raligra])hic breaks higher in the succession W'ere discussed else- 
where in connection with the Cireat Marlboi'ough Conglomerate, and it 
was argiual that tlu'se breaks became more pronounced in post-Waitakian 
times with the mounting intensity of recurrent orogenies. To the south- 
west t]u‘ sanu* argunumts apparently hold; in that region the post-Weka 
l^iss orogeny left a rc'gionally recognized disconformity or unconformity 
in the succession. 

Low <lij)s and mild structural deformation are characteristic of this 
lal)il<‘ slielf ix'gion as in tlie concave region of the North Lsland segment. 

Major I ’ iico}} [(a'fiiity in Other Districts 

d’he major unconformity between the l.ower and Upper Cretaceous* 
has iniportanct^ in tlie diastrophic and stratigraphic history of this 
countrw In a rectait account (1945, p. 18) I outlined its broader features, 
and argu(‘(l that a late sedimentary and diastrophic cycle was initiated 
in the Uiiper Senonian; evidence from the present work, gives further 
support for this view and the jiresent note may stimulate awareness of 
this uncon formit)'. Uiis view-point, as noted e1s<‘where, is not original 
for Marlborough and North t'anterhury at kvist. McKay admits ( 1890, 
p. 14D) that he <!id not at first accept Hector’s view on this unconformity, 
hut from his (.‘X|)lorations in Clarence and Awatere valleys he states: — 
“ . . . the marine Ix'ds of the two formations are separated by a land 
surfac(‘ during the continuance of which, in the Clarence and Awatere 
valkys, \'ast quantities of volcanic rocks were poured out and these as 
deposits of great thickness still separate the marine beds of the two 
formations.” 

(a) North .'tuckhmd. — Regionally, in this country, unconformity 
has lam ohsc'rved or imi>lied, below the late Cretaceous (U])per 
Senonian} by several field geologists. J. M. Bell and I., de C. Clarke 
{ 19()9, pp, 22, 47, 58) liriedy described the contact of their Kaeo Series 
( Lat<' Mesozoic) with the Waipapa Series (Pre-Ch-etaceous). They 
o])s<'rved that there wms an unconformity between these major groiqis, 
and that tlie ha.sal Kaeo rested on the denuded surface of the Waipapa 
Series. bVrrar (1925, p. 38) records that Wood ( MS.) assigned a 
r>enonian age to fossils collected by McKay in Whangaroa Tfarbour 
(localitites 106 and 107), i.e. from the Kaeo Series (see Fig, 2). 

In the Whatigarei region, to the south-east, berrar (1925, p. 34-5) 
discusses the contact of his Onerahi Series, which is in part late Cret- 

1'lie staialard C'retaccons section for this account is that chsctissecl by 
Siemou Wm. Muller and Huhert (k Schenck; Bull, Am. Ass. Petrol. 

( leoloji^ists, March, 1943, 27, No, 3. 
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ac(‘ons, with tlie Wai|)a|:)a Series and records that tlie Oiierahi rests 
tht‘ <leiuuUMl surface of the liasenieut gjoup. Direct fauna] evidence hVr 
age is liere lacking, but froiri ammonite anrl otlier faunas c()llected ,m 
a,<jja('ent ri'gions, an Tipper Senonian age. is accepted for tlie lower jxud 
of tiu' ( )nerahi grouj). 

In l)arga\’ilk‘“l\ 0 (lney Sulidivision, Imrrar (1934, p. 25) states that 
(lie hasenuail Waipa|)a Series was base-levelled before lieing buried 
beneath tlu' Upjier Senonian, Otainatea group. 

hor Norlh Auckland peninsula, it is wadi established that the Upper 
Staioiiian O'sts on tlie denuded surface of the.Waipai)a Series, i lowever, 
the denuded surface* in tliis region must not be timed or confused witli 
tlu* denuded surf?ice buried below the Clarentian in Clarence and Awa- 
t(‘r(‘ valleys and on (lie blast Coast, wdiich is pre-Albian ; also there are 
prc'seni in the Kekt'rangu-Arnuri Bluff region (as mentioned elsevvh(*re) 
two d<.‘midt‘d surfaces, oik* ])re"Albian, the other pre-l'pper Senonian. 
dTie North .Auckland denuded surface noted by the held geologists 
reft*rred to above, can l>e approximately timed with the pre-lfpiJer 
Senonian (ieriiK led surface of Arnuri BiufT, Marlborough and Canter- 
bury. 

Crt'laeeous sediments, older than Upper Senonian, have of late years 
!)(‘t*n ohsc‘rved in tin* western part of North Auckland ])cninsula by 
s<‘vera] gt'ologists, familiar with the Ranktimara and Tajiinvaeroa groupB 
( I j)\\ er ( 'nDat'eous ) of Waiapu and Hawke’s Bay. 19) datt*, a diagnostic 
fauna lias not lK‘<‘n collected from these older Cn*taceous groups, but 
Oxirca lajullicala Maiavick ( bVrrar, 1934, p. 28) was colh*cted from the 
!Tapa.roa Arm Uy McKay in 1888. This is a good index fossil, from 
(he basal la'ds of Uu^ 1 a]mwaei*oa group of Waiapu and Hawke’s Ikiy 
and may hi* of lati* Alhian age. 

1'ht* <.‘vid(‘nci* sTiows that I-ower Cretaceous, jjrohablv y\ll)ian- 

Cenomanian, as well as Ujipi*!* Senonian groups are present in North 
Auckland region, witli tlic* Upper vSenonian overlapping onto the liase- 
ment Waipapa St*rit‘s. i have shown that this is the stratigraphic 
relation hctwei'ii these groujES in Norlh Canter])iiry ; the marked trans- 
gressive habit of the Up])er Senonian and Palaeogene over l.ower 
(.'rt*tace()us onto older groups and the “ togellierness ” of each major 
Cretact*ous group are characteristic of this major unconformity. 

(b) IVawpii-Po'Vcrty Bay. — Tii the north-east region of the North 
Island, die Cretaci'ous sediment was subdivided into four groups 
( f )ngle\' an<I Maepherson, 1928, j)j), 16-32); in the uppermost member 
( Mangaotanc Mudstoni*) of the very thick Raukumara Series, a small 
fauna w^as found with otu* ( possibly two) significant fossils, hiocrraniiis 
i)icorru(/attis Marw. wdiich also occurs in the Nidd sandstone and mud" 
stone of the type locality, Clarence Valley, and below the thick Saw’pit 
(iully nuKlstone (see lug. 1). 

Woods (1917, ]). 2), mainly on an ammonite fauna, referred the 
Cover Ch'eek mudstones, Nidd sandstones and mudstones, and the Savvpit 
Cully mudstones to the l.ower Utatur of Southern India (Alhian). It 
is nol(‘d h<‘re that the Inoccramus hicorrugalus of the Raukumara 
Series, wTiich is in part cori'elative of the Nidd (see lug. 2) has the 
2,000 to 3, (XX) feel 1'apuwaeroa group overlying it in Waiapu region, 
an<l the Nidd of the Clarence section is overlain by 3,200 feet of Sawpit 
Cully mudstoiu's. It would, therefore, appear that the Tapuwaeroa group 
is also of Albian age. 
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A (liscGnfonTiity separates the Tapuwaeroa Series from the Rauku- 
niara, and in the grits and conglomerate at the base of the Tapuwaeroa 
some shark teeth and a small oyster were collected, but no <liagnostic 
fauna. The oyster was the small Ostrea lapillicola Marwick, collected 
many years ago from the Paparoa Arm, North Auckland l)y McKay, 
and although a good index fossil, has only indirect value as to age. In 
a previous report on the Kekerangu area 1 have stressed the remarkable 
lithologic similarity of the Ikipuwaeroa group to the GockI Creek group 
of Kekerangu and the nearby Sawpit Gully mudstones, ddiis correlation 
is shown on the accompanying columnar sections. 

The Taitai Series (Aptian) occurs in thrust relation with the 'rapu- 
waeroa, as isolated nappe remnants over ajrproximately 1,0(X) s(|. inik‘s 
in Waiapii and western Poverty Bay (Ongley and Macpherson, P^2S, 
pp. 28, 54). This structural relation seems clear in the fitTl and (lors 
not depend solely on the age of the Taitai, but Ongley (1929, })]). H-th 
found twv) forms in the Taitai of western Poverty Bay, Marcoyclla 
inagnata n.sp. and AucelHna sp. (Marwick, 1929) which indicated an 
Upper Aptian age and hence gave support to the regioiL'il stnu'lural 
evidence for the Taitai Overthrust (Ongley, 1930). In Waia})U and 
Poverty Bay, we thus have evidence of two Lower Crelacca)us stages, 
Albian and lj:>per Aptian, with indirect evidence that the age o( 
Tapuwaeroa Series is almost certainly Albian or possil)ly (/enomanian. 

Henderson anti Ongley (1919, p. 34) classiheci about 5, BOO fert of 
claystones, carbonaceous shales, light grey cherty limestone and clu‘i1 
and light grey argillaceous limestone of the IMverty Bay region under 
the name Mangatu Series. This was a natural series for it grou])e<l a 
succession of related lithologic types. These held geologists stresst^d dial 
only the lower portion may be Cretaceous, ;ind the up|)er, strongly <'aT' 
careous part, on lithology was correlated with the Amuri liniestoiic of 
Marlborough and North Canterbury. We now know, that the Mangatu 
Series, embraces Upper Senonian and Palaeogene gr()U|)s se|)a rated b\* 
several mild disconfcrmities. 

The Mangatu Series overlies the Tapuwaeroa, over man\' s(juare 
miles in western Poverty Bay and Waiapu County, and the colour con- 
trast between the black, drossy, chaotically foldecl Tapuwaenja and the 
lighter coloured Mangatu .sediments is striking. At rare place's along 
their folded, faulted and kneaded surface of contact, ndatively .small 
isolated masses of Taitai are exposed as the Mangatu is eroded back, 
and similar masses stand up prominently as isolated knobs and hills on 
the chaotically deformed Taimwaeroa autochtheui. d'heso ITilai nappo 
remnants show that the Taitai thrust-sheet was ero.T'd into isolated 
remnants before the Mangatu sediments were depositt'd, and tlu' little 
(levelopment or ab.sence of coarse elastics, and prevalence of grey and 
light-grey hne-grained sediments, carbonaceou.s shales and linu'stoiu' 
containing chemically precipitated glauconite, silica, and lime carbonate 
show that the pre-Mangatn land had been reduced to subdued rtdii'f 
before Mangatu times. 

A few ammonites were collected from the Mangatu Serit'S at Port 
Awanui by McKay and an ammonite cast in the Whalatutu district h}^ 
Ongley. Marshall (1926, pp. 132, 148, 192) refers two of the Port 
Awanui ammonites to forms from the Bulls Point aiid Batley localities, 
i.e. the Otamalea Series (Upper Senonian), 

Since Marshall published his account, two more ammonites were 
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collected trovn the Awanui beach and two from the head of Home Creek, 
Mangatu SJ). A. Olsson compared these forms with Marshairs illiistra- 
lions and descriptions and considered them close to Vertebrites niurdochi 
Marslu, so additional collecting tends to confirm the Upper Senonian age 
of the Lower Mangatu Series. 

Apparently in this region we have the same sequence and hiatus as 
in Marlborough, North Canterbury, and North Auckland, i.e. Upper 
St'tionian and i^alaeogene overlying Albian, with the lower portion 
( (.Taiomanian, Turonian, Santonian) of the Upper Cretaceous missing. 
Ill tlie Ihiverty Bay~Waiapu region we have the structural complication 
ot d'aitai (Tapper Aptian ) in thrust relation with the Tapuwaeroa ; this, 
however, eni{)hasizes the evidence of major unconformity. In Waiapu 
and Loverty Bay regions, the Upper Senonian and Palaeogene, as in the 
other regions discussed, have the persistent habit of overlap on to I.ower 
Crc'tacc'ous groups and probably older Mesozoic rocks. 

(c) Central and Southern Hazake's Bay. — Central and southern 
I lawkt‘’s Bay is the remaining region where lower and upper marine 
C'r<‘laceous are extensively developed. These sediments were studied 
< luring 1926-40 h)' field geologists of the New Zealand Geological Survey 
and Several oil com])anies. Unfortunately their work is scattered through 
unpublished i*(*ports, notes and field maps and is not readily accessible. 
The i.ovvia' Ch'etact'ous section here may have a maximum thickness of 
8,(XX) feet, the Upper Cretaceous 4,000 feet. 

C. VV. VVashburne and the writer spent almost a year on reconnais- 
sance in this region in 1926-27. The Raukumara, Tapuwaeroa, and 
Mangatu S(‘ric‘s ( Districted) were recognized and several anticlines in 
tlu‘ Wai[)ukurau-VVaipawa district and eastward to the coast, also south- 
ward to 1'itia‘e were studied in some detail. The broad stratlgrapliic 
feature <inun'ged, that Raukumara and Tapuwaeroa groups were present 
!>t‘lnw th(i Waipawa. Series (Upper Senonian), in the axial parts of 
folds, only on structure.s in the eastern part of the region, whereas on 
anticlines along the western part of the region the Waipawa Series rested 
on llui basennait rock. The transgressive habit of the Upper Senonian 
was heu'e again reasonably well established. 

( )ngiey and associates studied the Lower and Upper Cretaceous of 
b'.kelahuna Subdivision and central Hawke’s Bay during 1930-40 (N.Z. 
Geol. Snrv., 25th-35th Ann. Kept.) This work firmly established the 
(dretacc'ous groiqis regionally, for Onglcy found Inoccrcunus blcorrugatus 
Marw. in the Mangaotane Mudstone in the upi)er ])arl of the Raukumara 
Series ami Osirca lapUlkola in the basal Tapuwaeroa. Later Quennell 
and ]h*own, and Idllie, extended the occurrence of these fossils into the 
Whangai Range and Llslhorpe anticlines in Motuotaraia and Pourerere 
Survey Districts. 

11ie Taitai group was also recognized in the leketahuna district. 
Here Auccllina was collected, but Maccoyclla, that occurred with it in 
the Taitai of western Poverty Bay, was not found and it was not estab- 
lished vvliether the Taitai of this region was in thrust contact with the 
Taimwaeroa ; it may be that here the Raukumara and Tapuwaeroa are 
in depositional contact with this Upper Aptian group. 

The Wai|)awa Series (McKay, 1877), which is in the main the same 
group as the Mangatu and Woolshed Shale, overlies the Lower Cre- 
taceous. The several formations and members of this group are litho- 
logically similar to those found further to the north-east, viz. light and 
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(lark-grey shales,, carbonaceous shales, cherty shales and linu'stones, and 
light-grey argillaceous limestones. Here again we have an obvious litho- 
logic unity of late Cretaceous and also Palaeogene groups. 

Representative ammonite or gastropod faunas, such as occur in the 
Piripauan of North Canterbury, have not been collected from the Wai- 
pawa Series and the Upper Senonian age depends on four or five 
ammonittes collected from the Waipawa Series in central and southern 
Hawkehs Bay, some of which were identified by Dr, Id Spath of tlie 
British Mmseum (Marwick, 1935, p. 11). Other ammonites, collected 
by oil companies, may have been kept for private collections, Init liave 
not been identified. These few forms, in conjunction with tin* strong 
similarity both in appearance, condition of deposition and position in 
the Cretaceous succession with other regions described, make a strong- 
case for Upper Senonian age. 

Microfaunas could also be used to support the late Cretaceous agt‘ 
of part of the Waipawa wSeries, but for the purposes of this discussion, 
it is of particular interest to establish the age of the I.ower and Up])er 
Cretaceous groups on ammonites, and to a lesser extent on other macro- 
fossils (Woods, 1917, Wilckens, 1922). 

Ongley published a geological map of the southern part of this region 
(N.Z GeoL SarzKy 29th Ann. Kept., p. 4) which shows the characteristic 
transgression of the late Cretaceous and Palaeogene on to Bower Cre- 
taceous and probably Jurassic basement. 

Tlu* o\au'-all stratigraphic picture iti tins region is, therefore, paralk‘1 
to the other three regions discussed, i.e. tliere are present Upper 
Senonian sediments overlying late Albian or possibly lowm' ('(‘iHirnanian, 
with the lower stages of the Upper Cretace()us niissing, and tlie 1 J>p('r 
Senonian ami Ihalaeogene on-lapping I.ower Cretaceous and probably 
older Mesozoic gn)U])s, 

Throughout this discussion contacts have not beiai drsn*ilH‘d 
demonstrate this major unconformity, for it is recognized lliat such 
breaks are not well shown in the usual slunpied cross-si'ction, ami major 
unconformities are best realized in broad regional plan. Wlun llu‘ S(‘a, 
floods a reduced terrain, as in this problem, cons}>iruons basal con- 
glomerates are only rarely developed, and almost all tlu^ stMlimeiil in the 
basal formation of the younger group is soft residual from llu^ old 
terrain. This gives transition and blended or welded contacts, and whm 
the two groups and their iinconformable surface of contact aiv later 
chaotically folded, faulted and kneaded together as in this case, tlu^ 
chance of observing ideal text-book unconformity is mi bright. How- 
ever, such Iinconformable contacts are found where outcrop’ conditions 
are favourable. 

Age of Major Unconformity 

The bare essential stratigraphic anil faunal evidence for this uncon- 
formiTy has been discussed for four regions; with some additional (letails 
for Kekerangu and adjoining districts^ The exact timing still has pro!)- 
lems, which are, however, mainly concerned with age adjustments and 
will not greatly alter the main thesis. 

Several writers have paraphrased or partly quoted Woods (1917) 
vmen discussing the age of these Cretaceous sediments, but it is jircfer- 
able that he should be quoted in full. When commenting on the ago of 
the Clarentian, Wood (p. 4) remarks: “The beds of Lower Ulalur age 
m New Zealand rest on deposits of much earlier date, showing that the 
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widespread ‘‘ Cenoinaiiian overlap ” extended to this remote region and 
further. The deposition of sediments of Lower Utatur age in New 
Zealand was apparently followed by an uplift, since the middle Utatur 
beds with Acanthoce^'cis (Lower Chalk), which occurs in Pondichery, 
Madagascar, Zululand and Japan, are not known to be represented.” The 
identification of Acanthoceras ultinmm Marsh, in the Bulls Point am- 
monite fauna ( Marshall, 1926, p. 202) may neceessitate some modifica- 
tion of this statement, but this is merely a detail and is involved with 
the aj)parent mixing of the Kaipara ammonite faunas. 

Wlu'n sunirnarizing his views based on his study of the Lower and 
Up|)er C'retaceous ammonite faunas and other macro fossils of the South 
Island Wood states: “ From the foregoing account it will be seen that 
in this region ( Amuri to Malvern Llills) the only Cretaceous horizon 
which can be recognized at present is the Upper Senonian. There is no 
e\‘idence for the existence of Cenomanian (Lower Chalk) Turonian 
or Lower Senonian; so that here we have an instance of the Senonian 
transgr(*ssion similar to that which occurs in Pondichery, Madagascar, 
vSouth Africa and Quiriquina (Chile).” 

The above ({notation aptly states the main contention of the present 
account, Init tln^ problem has here been approached mainly from regional 
stratigra])hic and structural evidence. 

Wilckeiis i 1922) studied the gastropods from the late Cretaceous 
sedinumts of tiu‘ South Island and Marshall (1926) published his work 
on tlu‘ amtnonile fauna from this group mainly from the North Auck- 
land ])eninsnla. Loth ])alaeontoIogists assigned an Upper Senonian age. 
Marshall indi('at(‘S l1n‘ Upper Santonian or Lower Campanian substages 
as tlK‘ {n*()babl(‘ luiropc'ari equivalent, but his studies revealed some dis- 
titrliing anomalies. 

M arshall discovennl annncmites at Bulls I Mint, and Batley, Kai]>ara 
1 larhonr, in 1917, chiellv in loose concretions on beaches, and undertook 
tlie specialized work of describing them ; he took his material to England 
and clu‘cked it with type material. Plis studies revealed an apparently 
mixed fauna, for with the Upper Senonian forms he recognized several 
ammonites that could quite definitely be referred to the Cenomanian, 
.'Icauihnccras ulfmvmn Marsh, a zone genus of the ITpper Cenomanian 
l)eing jiarticularly disturbing. Marshall records (1926, p. 202) that if 
the anomalous forms found in the Kaipara fauna had been alone, the 
Si^dimenls would have to be referred to the Cenomanian. 

Uie value of his study is reduced because a detailed map showing* 
stratigraphy and structure is not available and unfortunately the speci- 
mens were not collected in jdace. Marshall, who considered (p. 203) 
(he fauna Upper Senonian but not a normal one, discounts mixing of 
faunas, because at all three collecting grounds a fairly constant pro- 
portion of Cenomanian forms was present with Upper Senonian. This 
result .should be .acce]3ted, but maybe with some reservations. Indeed, 
the lTp])er Senonian age seems quite definitely established, but the ques- 
tion of derived Cenomanian forms with the Upper Senonian fauna, 
should be reconsidered for the following reasons. The Bulls P(Dint and 
Bailey ammonite localities occur on a structurally involved “ high '' of 
Otamatea beds, with Palaeogene and lower Neogene overlapping around 
the flanks. An unconformable contact with Raukumara and Tapuwaeroa 
groups must be strongly suspected either below the crest of this high, 
or a short distance down the flanks, particularly the western flank. The 
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transo’ressing' Senonian sea could erode Albian or C'enoniaiiiaii arniru)"- 
nites troiri older Cretaceous sediments and incorporate tlieni in the 
Upper (h-etaceons sediments. This would particularly ap])ly to hard 
siliceous concretions, which are resistant enough to survive tlirough 
se\aa*al sedimentary cycles. 

I’oint is given to this argument, for in Paparoa River ( Pa})aroa 
Ann ) about Ihrt'e miles \¥est from Batley, and four miles from iUdls 
roint, McKay (see Ferrar, 1924, ]), 28) collected a fossil that Marwick 
ideiitihcd as Oslrea lapillkola Marw., and as noted elsevvlKU'e this is a 
good index fossil from the l)asal Tapuwaeroa group. Ivitlier tliis grouj) 
is present on the Kai])ara structural high, or Ostrca lapillicola is deiavt'd 
and was collected from Otamatea beds; the Ceii()niainan ;irnmonit(*s 
could have been derived from this possible common sources 

The ]:)resence of U])per Senonian an<l lipper Cenomanian /.one 
ammonites compounded into one Upper Senonian snl)stage is dillicull to 
accept, but stranger things have happened; bowt‘V(M*, liefore tinally 
accepting MairsbalFs explanation, the Kaipara aminonites should l)e col- 
lected in place. 

Conclusion 

Two subdued surfaces were cut on the ba.senu‘nt lax'k (Jurassic and 
older), the first being p)re~Aptian or pre-AI])iaii, (he second pre -Upper 
vSenonian, and from their relations in time and spara* the \a)Unger sur- 
face must truncate the older. The so-called i)ost‘ I lokonni onigeny pia^- 
dales the older surface and as Neocornian sedimeiils are not. as tar as we 
know, present in tliis country, this surface is posb-Tillionian (('ntion, 
1916). The oldest laiwer Cretaceous sedirmmts nrasonably well esiab* 
lished are Upper Aptian, and therefore the age of the so called pissl - 
Hokouui orogeny must be post-Tithonian and pia'- /\plian, i.e. Ijite 
Cimmerian ( Stillevs List, 1924). 

The world-wide “Cenomanian/’ transgression coniinencc'd in Lurope 
in the Aptian or Albian and lasted into tlie (/(‘iiomanian ; Ibis timing 
agrees reasonably well with New Zealand, altboiigb lluua' is no direct 
faunal evidence that Cenomanian* sediments occur lu/re, in tlu' hiiv 
Albian or early Cenomanian in New Zealand, sedinumtation was inter- 
rupted by orogenesis, which culminated in overthriisling in the north- 
east region of the North Island, vulcanicity in (_1ar(‘iic<‘ and Awaiere 
valleys, and possibly also in the Brocken Rangiy Ifast Wellington 
(Brown, 1943); in North Auckland Peninsula, this is a poslA'lan^nlian 
or Tapuwaeroa orogeny, Austrian suh-llercvnian Orogenic Ifpoch 
(StillCs List, 1924), ‘ 

Cretaceous marine sediments were not deposite<l in this country 
from late Albian or possibly Upper Cenomanian until the Upper 
Senonian, when geosyndinal evolution was resumed, ami tlu' Uppcfr 
Senonian sea transgressed over a subdued terrain <‘ut on Low'(‘r CT<*- 
laceous marine and terrestrial sediments, and basement lax'k. 

The almost world-wide Senonian transgression did not reach tlu‘ Ni‘w 
Zealand region until the Upper Senonian; there was no l.animide move- 
ment in this country, or at least it was not sufficiently intens(‘ to lie 


'Marshall (1926) ha.s identified Acanthor cra.s' ttliimum Marsh, from Nortli 
Auckland which he considers dose to A. rolonuvjansc (Lppvi' Feiio- 
manian). 1'his jmssihly indicates sea retreat in the (Vimnuunai), for 
this Ui)])cr C'cnomaniati zone ammonite is absent from tlu* ('larentian 
of the type locality (see Woc^d, 1917, p. 4). 
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recorded as a readil\^ observed regional tinconforniity, or to break down 
the sedimentary environment of late Cretaceous times. This particular 
sedinuaitary environment continued almost to the end of the Palaeogene 
( post-Waitakian, M iddle Oligocene). 
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ADDENDUM 

NOTI^:S ON M,[CR(:)FAUNAL iTVIFFNCF AND C(:)1TR1yI:.A;1'’1(')NS 
MADE IN THIS RAPER 

By H. |. F1NI.AY, Micropaheontologist, N.Z. (leolo^icjil Siir\'cy 

(Received for fnihlication, 27th July, t94H) 

The present paper has been held up in tht' press, an<l internal evidence 
suggests that parts of it were written at different times, inul were unal)le 
to be co-ordinated because of Mr. Mac[)bersoifs untimely death. Mr. 
Maepherson’s earliest view|)()int on two matters w'as that commoidy 
held b}^ geologists at the time l)Ut such a viewpoint lias since Ivren 
reviseef in the light of recent microfaunal evidence. It has seemed best 
to leave Mir. Maepherson’s manuscript as little altered as |)ossil)le, and 
to mention the discrepancies in this note. T1ie matters most in conllict 
concern the age and correlation of (a) tlie 1'apitwaeroa Series, (I)) tlie 
Amuri Idmestone. 

T'he TArin\'A{‘;KOA S{om:i-:s 

T1;k‘ d'apuwaeroa beds of the North Island vvere eviikartly tielieved l>\* 
Mr. Macph(‘r.son to lie lithologically very similar to Ins (jood ihreek 
(Iroup (set* pp. 2S1 and 287). In a more detailed |)a|)er (in tlie Kektirangii 
Vhilley. he also stresses their lithological similarity to the Sawjiit fhiri}' 
mudstones, the Ingliest unit of 'Thornson’s tyjie (darentian. lU'caiise of 

this, and tin* occurrence of hioccranius />UY;m/f/( 7 /n.r in Ixith tlie Man 

gaotane mudstont' ( underlying d ajiuvvaenia betls ) and llie Nidd sainl 

stones and mudstones (underlying Sawpit (iully) lie iiiakes a deliniie 
ag'e correlation of d'apuwaeroa with (iood Cn‘ek and Sawjiit (hilly, and 
jilaces it in the Clarentian, witli a major unc(,»nfonnil\' above; hut e\i 
deuce other than lithological for this j)n‘sunii‘<l conaTition is n<»l good. 
The. only index macrofossil of the type Ta|,)Uvvam*oa ( (Ks'lred hi filUroln } 
has not Ir'cii found in the (lood Creek or .Sawpit Cn11\' ])t‘ils, \u>r liar- 
I noccraniKS forrcctiis (.if .Sawpit tiullv iieen found in fapiiw arroa beds. 

The typ(‘ Clarentian .section has Ixh'u carefully sani]Tal for nfun'o- 
faunas l)y Dr. Mason; no fauna was olitaiiu'fl from tlie ihrvt- lowest 
members {Basal (Jouglomerale, VVliarf Mudstones, Wharf Corgi* .Sand- 
stones), but the three upper members (CVivi'i* Creek Mud.''l(m(‘s, Nidd 
.Sandstones and Mudstones, Sawpit (hilly Mudstones) yir!d<Ml fmmas 
to within a few fe(*t of the overlying Mint Iksls, These ohcrofamias 
are so similar to each other, and to that from the .Mangaoiane Mndslnm-, 
and so es.sentlally dilTen‘nt from any others in New Zealand, that one 
must conclude at [ire.sent that the; lilarentiaii is nii<‘rofaimally a dislincl 
unit, and that there is as much evidence for corr<‘lating llu* Mangao(anr 
with the lop member as w'ilh any other. 1 hava* airi'ady pointed out 
(Finlay, 1940) that lids characteristic (.Jarentian mierofauna hears llltlc 
relation to succeeding New Zealand faunas, hut is rather lila* lhal of 
the Upper Alliian (drayson Formation of Texas. 

The Mangaotane mudstone is, l)y definition, the (op meniher of tlu* 
Raukumara S(*ries (Ongley and M'acpher.son, 1928) of Roverly Bay 
(the Mwer members have not yielded ndcroEaunas ), hut tin* petroleum 
g(‘ologi.sts who have worked in thi.s area have given it a, sejiarate forma 
lion iianuE the Ruketoro, separated from the rest of the Ratikinnara by 
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a inarked angular uncoiifonnity, and from the overlying Rakauroa for- 
mation by a disconformity. In the terminology of the geologists of the 
Survey, "the name Tapuwaeroa (Ongley and Macpherson, 1928) was 
given to l)e<ls mapped as overlying the Raiikuinara and underlying the 
Mangatu, une<>nf()rmal>ly in each case; and the name Whangai ( Qiien- 
nell, 1937) to still higher beds which evidently represent the Rakauroa 
in both lithology and microfauna. It should be emphasised tliat there 
is a greater lic*ld break between the Raukumara ( ITikt'toro part ) and the 
ddipuwaeroa tluin l)etween the 43'ipuwaK‘roa and Wliangai. ^Hie rnicro- 
fiinas su])port this. The Rakauroa and Whangai have yielded abundant 
species, both arenaceous and calcarc‘Ous, wdiich plainly show their 
ap|)roximate ecjuivalence and also their correlation with the Piripauan 
of the Mid-Wai])ara { Uaitdryina hcalyi, Do7U)thia elongata, Gyroidina 
ijlohosa, etc.); overlying each of them, with little or no break, is the 
still younger Cr(‘tace(jus 'reurian, in which K: 2 ehakiHa has its last occur- 
rence in New Zealand. The type Tapuwaeroa has not yet been sampled, 
and no micro faunas have been obtained from other beds containing 
Ostrca laldllicoku but the tyi)e Puketoro and Rakauroa, and the 
Whangai and underlying beds have more than once l)een collected 
tliroughout. 

The outstanding faunal feature of tlie (hiketoro, the bicorrugaius 
mudstones (dsewhere, and the ty^pe Clarentian (right up to the top 
Sawpil (iiill)' Reds) is the absence of and the al)undance of 

idohhjcnna cniarca. ( Ih'cvious reports of rare occurrences of R^cha- 
knia in tlu‘ Pukc'toro are based on introduced specimens.) In the 
Puktdoro of Tanganibe SUxiim, Spiro plrclbia/a cf. (uiHcclcns ( P. N J.) 
is common in out' saniple-uin ivnglish Lowcn* Cretaceous st)eci(‘S, <lirrer-- 
ing considc‘rabl\- from the IJpper Tuniriiaii A. Fran ke, as Rrotzcn 

( P)44 ) has pointe<{ out. Near the top of the Puketoro in Puketoro 
Stream, G amir yin cl I a cf. dclriocnsis Plummer, another Lower Cre- 
taceous f(a'm from 4\'xas is conimon. At the very tO]) of the Puketon/ 
occur “ red beds/' v\-ith only arenaceous and siliceous s})ecies; although 
tlu' geiu'ric association is very similar to that in the succeeding Rakau- 
roa, tlu‘r(‘ is no sign ()f /v^sr/mAnTa, which is abundant immediately the 
Rakaun^a is entere<l. 

Th" absence of Globiiicnna crctacca from the lower Rakauroa, lower 
Ihripauan, and in fra- Whangai might be ascribed to facias since no 
calcareous sju'cies occur, but it is significant that as calcareous sju'cies 
app(‘ar and become^ abmalanl in the up[>er parts of tlarse Ix'ds tlien^ is 
no rc'turn of crctacca. Rrjchakhia remains common througlioiU die 
Rakauroa and Whangai, and up to the top of tlie succeeding d\‘urian. 
'flu' Pukelo]-o also fr(‘(juentl\^ carries (up to the top “red beds”) an 
. Iniinabacidiics n.sp. of coar.se ami roughish texture, while the Rakauroa 
just as fr(‘(|uenlly carries a relateil but larger and smoother species. 
Many samph^s in Pukt'toro, Tangarithe and Te Uri Streams, and else- 
when‘ in the Rakauroa contain Gaudrylna hcalyi, Dorothm clonifala, 
PalniLda rakauroana, Ihdiniina rakauroana, Gyroidina (jlobosa, etc., 
which are charactcnastic si.)ecies of the type Piripauan, The succeeding 
Timrian btals in every case carry Gaudrylna whangaia, Frondicularia 
I curia, Pkmularia whangaia, Pahnula thalmanni, etc., which are char- 
acteristic ujiper Cretaceous forms not found in the Piripauan. At Tanga- 
rube and Te IJri Streams the base of the Teurian is a thick, bed of 
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glauconite, but at Piiketoro Stream the contact is within argillitic sili- 
ceous shale with no marked break. 

, Thus it would a])pear that the Raukiimara (plus Ikiketoro) ;ui(l 
C’larenlian are in the 1-ower Cretaceous ( anncctens, dclriocnsis, crclacca, 
r.ic.), while the Rakauroa and Teurian are closely related inenibers of 
the U{)|)er Cretaceous { R^chakina elsewhere has a r;uige of C|)|)er 
S('nnnian to 1 haleocene ) . in several places the lower Rakauroa l)eds 
have been calle.d 'ra])Uwaer()a by various geologists, tliougii they have 
not the black “ drossy shale ” appearance of those in the l'a|)Uwaeroa 
Valley. If this correlation is correct, there is no faunal e\'idence to 
separate them in age from the more sjdintery and argillitic Whangrd ii]) 
into which they pass, while there is good evidence to conxTite diem botli 
with the Idripauan. If it is not correct, then the real T'apuwaeroa is 
soniething that comes between Clarentian and Ririjiauan, and no fauna 
is yet known from it except 0. lapUlicola. It should therc'fore be 
stressed that Mr. Macpherson’s correlation of his Cood Cret'k (iroiip 
and the Sawpit (dully mudstones with the Tapuwaeroa is lithological 
entirely. Unless 1. bicorrugatm does prove to be limited to tin* Mangao- 
tane mudstone and the Nidd member of the CJarentian, and unless tlu*, 
as yet faimally unknowm, Tapuwaeroa proves to contain species lik(‘ 
the Sawpit Cully member, then there is a likelihood (hat < lood ('reek 
and similar beds o\'erlying definite (dlarentian may be Riripauan. It is 
significant that tlie Vacuum Oil geologists mapped the blat'k shaU'S llvat 
occur above the basal Tapuwaeroa congloirierates in Tapuwaeroa Valie\' 
as being in tin* lower part of their Rakauroa, and that an\' micro faunas 
obtained from them or associated l.)eds have been of the Rcudiakuia 
Gaitdryhui hcalyi 1 dripauan assemblage. The subject is an inN'olvwl oii<‘, 
but the above exjdaualion may help to clarify it. 

The Amuri 1jmest{)NE 

The Amuri Limestone has been the subject of a misi’onc(*ptioii l)y 
Mr. Maepherson throughout the paper. At the type locality ( Amuri 
Bluff), a sample from the base of the lime.stone (’l)r. Mason) yielded 
a Mangaorapan fauna, while one from the middle and one from tlu* to]> 
gave Upper Bortonian faunas. Thus the tY])e Amuri stone ranges from 
Lower to Middle Eocene, and there is no Lower Oligocviu* there at all 
It is overlain by supposed “ Weka Pass Stone,” which at Amuri Blnff 
has yielded only Wailakian microfaunas, the Duntroonian being appar- 
ently absent. Lnnestone which has been called " Amuri ” eis(‘wbere 
such^as in the I relissic Tkisin ) does contain Whaingaroan faunas, and 
the Eocene i,s unrepresented in^'t; thus two different beds are coiuvriM**!. 

Due to this misconception Mr, Maephenson has made some erroin'ons 
correlations in his paper and in his columnar sections slunvn in Mg. L 
In the first five columns at the left, his “ Amnri limesltnu*” is the 
Oligocene one (whkh may be referrecl to as “ Amuri W ” ), and lliere is 
a ver\' thin remnant of this in the next column (Mist ]>ranch of (hay 
River only). Below this in the Grey district, the Kcrelu .sandstone 
(l.'pper ]>ort(jnian ) and Ashley nuickstone (Mangaorapan) repn*sent 
the real Amuri limestone, confined at the type locality to these two ages. 
In the VVaipara-Weka Tkass column, the actual limestone is the ( lligoiviu* 
one (Amun B), underlain by Runangan ami Kaiatan fucoiilal glam- 
comtic marl and sandstone, followed by glauconitic marl that ranges in 
agr from Idpper Bortonian down to Mangaorapan and }K>ssibly Wai- 
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puuan; tills i^'lauconitic marl alone is the age representative of the type 
Aiiinri liirK'Slone. At Kaikoura Peninsula, no samples from the higher 
f)art of ilu^ ninr1 and limestone have yet been seen, but the truncation 
there renders il imlikelv that Whaingaroan (Aniuri B) occurs; two 
sampk's from the tlirit beds there (“near base” and ‘Aive feet from 
top ’A both gave Piripaiian microfaunas, and Ms. Maepherson’s sample 
fi'om a.l)ove tins ( see p. 282) was of Waipawan age. 

T1ie outstanding conclusion from this is that what Mr. Maepherson 
has called “ Aiiiiiri limestone,” with inverted commas, throughout this 
paper is the age* t‘(jui\%altmt of the true Amiiri limestone of the type 
s<‘c(ion < P(tw(*r to MiddU^ Ifocene). What he refers to as Aninri Lime- 
stone, without inverted commas is a different bed. of ]..ower Oligocene 
age, and developed only in the sections to the south. 

( )ne fuL'd ])oinl concerns the ()nerahi Series. Mr. ALaepherson (see 
p. 28f) ) writes of the lower part of this as Lfpper Senonian, lint 
recent colkading in North Auckland has shown that Onerahi faunas 
range from about AI angaorapian to Upper Bortonian, i.e., the Series as 
a whole is t‘((uivrdent to the type Amuri limestone. Any Cretaceous 
samples found are more properly referred to the Otamatea vSeries. The 
singk^ fnssilifcu*()us sampU‘ from beds believed to be Kaeo yielded an 
apj)roxirriately Wangaloan microfauna, and would be Danian or possibly 
Paleocetu'. 
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TIME SERVICE EQUIPMENT AT THE 
DOMINION OBSERVATORY 

Hy (h A. IT BY, Dominion Observatory, Wellington 
i Received for publication, Lst September, 1047) 

Summary 

A (lescrij^l ion is given of the. lime service equipment at the Dominion 
Dh.s(a'vn.lorv, and in particular of the new electrical wiling and relay system. 

Uhoiographs and circuit diagrams of certain parts of the eipiipment are 
given. 

'flic capabilities of the apparatu.s and possible extension are considered, 
together with a brief historical account of the growth of the service. 

Introduction 

ITie Dominion Observatory, Wellington, is the authority responsible 
for the determination of correct time in New Zealand, and for its dis- 
trilnition to the ])ublic. Up to the present time, there has been no 
demand for signals of the highest accuracy, and it is found sufficient 
to transmit signals for which an accuracy witiiin 0.25 sec. is claimed. 
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This is more than adequate for civil purposes, and fi»r ihv lU'cds (»f 
mariners. For scientific purposes however, it is l:)ecoiniiEq im'ri^asin.ejy 
desirable. to have accurate standards of time and freqiuan'^^ a\'a.ila.I)](‘ 
in N(nv Zi'aland. 

In tlu' signals transmitted liave a bettei* (U\eree of acciu'aey 

than that (iainu'd al.)ove, but in the ahsence of a really mo(h‘ni standar<l 
clock, laT,q(‘ errors sometimes arise wlien contimions ('bet'ks cannot be 
maintained. I'hese wt)iilci invalidate aclairn to liit^dier acaniim'y. 1 1 should 
be noted that the error quoted by many obs('rvatori('s is an axa'ra.ee 
error, 'riie value of the average error for the Oominion Obsicrvaloi \' 
signals would be well under 0.1 sec., and was acdnally 0.00 see. for the 
period Alay to July, 1947. Corrections to any signal can 1 h‘ obtained 
from the Obsm-vatory on s|)ecial request and tliese enable clic'cks to 
within 0.02 sec. or better to be made. 

The chief demands for correct time in New Zealand, a|)art from tliose 
of the general })ublic, come from shipping, tlie railways, post otra-es 
and broadcasting stations, and also from tlie cliain of s(‘isinologi<'al 
stations maintained by the Observatory. Other time seiwita' work 
undertaken includes the rating of marine chroiu)rii(!ters and tla* deter 
mination of longitude by transit observations. 

This paper gives an account of new apparatus recently installed to 
facilitate this work. 


Brief History of the Servh'k 

Thi) Observatory equipment was nriginany installed in ord(M' to 
provide' a, service for civil and nautical purpose's. Ohserxutions for 
determining tlie dock errors were nuidi' witli ilu‘ transit instinnu-iit and 
the signals were given by extinguishing coloured lights on a mast <»nt 
sid(‘ the Observatory, and by telegraph to Hk' Post Office in id'ather- 
ston Street. These signals were at first confiiHNl to Wedington, but by 
the early part of this century, arrangements had been inadt' to t('h'graq>h 
tlie signal to any ])art of tlie country. In 1914 teh'phoiU' faidliiii's wine 
added, and within the next few years, time l^alls and ligiits wc're csta.b 
lished at Auckland and Lyttelton ; 1917 brought transmission of signa.ls 
by wireless ( 1 ). The.se could he transmitted from Awanui Radio at 
10 h. G.M.T. on a wavelength of 2,000 metres, hut it was iiei'i'ssary 
to make special arrangement with the Observatory wIh'Ii they win'e 
required. In 1920 regular signals were sent from Wellington Radio 
on 600 metres each Tiiesda}^ and Friday at 9 h. C.Al.T. jirnvided 
satisfactory observations had been made (2), 41 a* signals wi're 

eventually made daily, and light signals and time halls bemmie ohsolde. 
Radio signals are now sent at frequent intervals ovin* the normal brmul 
ca.sting system, as well as from Wellington Radio at 2d h. G.ALI’. 
A full account of signals now transmitted is to be found in thi’ (‘unviu 
1'ime Service Bulletin (3). 

llie Transit Instrument dates from the earliest pi'riod of the Obsm- 
vatory— certainly before 1883 (4) and the clocks from sami' period. 
Clocks 1, 3, 5, and 6 are by Dent and clocks 2 and 4 by John Moom aiid 
Sons. .At least one of these clocks dates from befori' l87b, and thi' two 
best were described by Adams (5) in 1926 as not as good as modi'rn 
precision clocks This verdict was given before the introduction 
(,)f either the Shortt Free Pendulum or the Quartz (‘rystal Osdllator as 
timckc'cpers, although Ricficr had made considerahh; imprikvi'mi'nts to 
escapement clocks prior to World War 1. 
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Altiiough tliis equi|)ine was completely satisfactory for signalling 
!)y liglit and time liall, tlie introduction of radio led to repeated modi' 
lication, and tlie installation of many separate electrical circuits. At 
no tiiiie was the system redesigned from the beginning to cope with the 
new ix'Cphrerneiits. In consequence, it was often uncertain in action, 
]ac'k(‘d ctise in operation, and was difficult to maintain. By 1939 
insulation fiiilures in inaccessible corners, caused by the age of the 
wiring, })ecame fre(juent, I'hree temporary switchboards were in- 
troduced to re})lace tlic nun'e unsatisfactory portions of the wiring. The 
old wii'ing liad to l)e left in place to avoid further derangement of those 
{>arts still in vise, 'riie new boards suffered from the disadvantages 
('(jiiminn to any syst(un designed for piece b}^ piece replacement of an old 
oiu'. Many had featnr(‘s were retained owing to the difficulty of chan- 
ging o\’(‘r without int(U'ruj)tion to the service. Not the least of these 
amioyaiu't's \s :is tli(‘ fnaiucuit journeying from clockroom to transit room 
and l>ack again n(‘C{\ssitatecl by even the commonest routine duties. 

About this tinn\ the author constructed a free pendulum, which 
opca'atcd in conjunction with No. 13, a Synchronome slave clock secured 
a few yc'ars pix'viously. 'iMiis combination, although roughly construc- 
ted, snrpass(‘d the ptu'formance of No. 2, previously the best clock, and 
pro\-{‘d \aliial)h‘ during tlie war years. It was dismantled last year in 
ordtu- to allow recU'sign and more workmanlike construction. This 
})i*oj('<‘t was iiit(‘rrupted by tlie designing and installation of the switch- 
l)oard to hi' described. 

\\h>rhl W'ar 11 brouglit an increased demand for time, resulting in 
a dec'ision to abandon the wdring system and swutchboards then in use and 
to i‘{‘(}rgani/(‘ th(‘ wIiol(‘ system. Tlie many wartime dehq/s held tip the 
<l(\sign work until the middle of 1946 and work was not begun on the 
installation until (‘aiiy 1947. Some minor circuits still await com- 
phdion owing to Uwk of suitable cable, but the swdtchboard was placed 
in t)pt‘ration in Junta and the associated desk equipment the following 
month. 

1)esign 

'File t‘(|uipnient now in use provides facilities for four main types 
of ()])tu‘ation clock comparisons, reception of radio time vSignals, transit 
( d)serva tit ms, and tlie distribution of time. 

41it‘ clock comparison ]>rocess consists of a measurement of tlie errors 
of ;dl tilt' timtqucccs of the Observatory relative to the signal clock in 
ust*. This tmabkvs a check to he kept upon the rate of each timepiece 
anti an (‘xtrapolation of the error graph of the signal clock itself to 
be math'. Dpon tlit‘ success of this extrapolation depends the accuracy 
of tlu^ transmitted signals. 

ITadio tinnwsignals arc picked up on an HRO communications recei- 
vt'v, 'and arc rt‘Cordcd against both the standard .sidereal dock and the 
nu^an tinu‘ signal clock, i'he signals most commonly used are those of 
the Naval Astrt)nt)mical Observatory, Washington, and the Bureau 
Inbunational dt* riieiirc, Paris. Difficulties arise with these signals 
owing to the uncertainty in travel time of short wave radio signals. 
StAU'ral observations scattered in time are therefore necessary before 
as('ril)iiig small (‘rrors to the clocks. This makes extrapolation of rate 
more difficult. 'Fhc.se difficulties can be minimised by using ultra long 
wav(‘ signals, and anaingcrnents are being made to receive signals radia- 

(ui 16 k(\ With the help of these “it is hoped to make a study of 
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radio travel times, 'riiis will improve the accuracy with whifit our 
longitude' is known, and consecpiently the absolute acmiiut'v of out 
tiiiKi sigaaJs. 

d in. transit telescope is fitted with an inipersonal !iii(rr()nieter, 
and is housed in the same room as the radio ap|)aratus. A d(‘scri[)tion 
of it is gi\'en by Adams (4). 

Tinu^ signals are transmitted daily, l)otl) at fnapient iid:erv:ds o\a'i 
the nornial broadcasting system, and from station 7dAV at 2d h. ti.Ai.lh 
on a frc'cjiumcy of 5(H) kc. (d). Bulletins giving tlu' lat(‘st dtUails of 
tlu'se signals are pul)lished peaiodically by the ( Ibxn'vatory. hi ad- 
dition to the radio signals, a signal is transmitted by land liiu' to all 
telegraph otlices, and to all North island railway stations at 9 a. in. 
daily, 'lliis signal consists of a three-second da.sh. whicdi is also nsini 
to actuate the seismograph timing shutters.. 



loG. I.— Scctiojiai Sketch of the Observatory from the Noi'lli West. 


From the above brief outline of Observatory ])ro(U■<lun^ it will Ik? 
apparent that the switcliiiiK mu.st ])rovi(lo for a rapid rc-arraiineinenl of 
circuits since the. same clock or cbronognii)h may be napiircd iu ([iiick 
succession for transmission, reception, or comparison. The fuiK'tions 
have therefore been divided into two main groups. Tlu^ liist, tliat of 
transmission and clock comparison, is centralized in tlu^ clockroom, and 
the second, that of time determination, in the transit room (see h'ig. 1). 

In the past, the maintenance of the equipment has been attimded to 
by the Observatory staff, which includes neither an electrii’ian nor a 
mechanic. It had therefore to be borne in mind that tlu' ajiiiaratus 
should re(]uirc little maintenance, should be strong enough to withstand 
accidental mishandling, should be easily accessible, and slunild allow 
tlie comuK-tion of additional equipment without .soldering in awkward 
places. Alterations to clocks, chronographs etc., must not lUK'essitate 
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wiring changes which involve long cable runs from one part of the building 
to another. Since any outside assistance in maintaining the circuits 
vvould probably require someone acquainted with telephone relays, the 
circuits and wiring diagrams have been made to conform as closely as 
possible to I\)st Office practice. 

Power Supply 

All the equipment with the exception of certain indicating buzzers, 
deriv(\s its }>ow(‘r from alkaline cells. There are two banks of these 
(‘a('li riiaking up a 25 v. battery of 120 amp. hr. capacity. Either bank 
may be. brought into operation instantly, by means of a four pole double 
throw knih‘ switch, wrhich also connects charging leads to the set not 
in ust‘. With the switch is associated an ammeter and a voltmeter. 
'riu‘ whole battery system is mounted on a stout wooden bench in the 
i)asement (see Mg. 1).^ Connection with the clockroom is by 7/.()29 
V.i.K. cable run in conduit, 

'rh(‘se alkaline cells have provided power for the Observatory circuits 
for iK‘aiiy forty years. In the past, however, each individual circuit 
had its own hank of cells. The resulting multiplicity of voltages often 
l(‘d to confusion, and battery maintenance was apt to suffer in the case 
of tlK‘ more inaci'essilrle cells. The sturdiness of this type of cell and 
ilH‘ high rat<‘ at which it can be charged have made it especially suitable 
for use under Observatory conditions. 

Wiring 

'rh<‘ subsidiary wiring, with some minor exceptions, has been carried 
out in multi pair U^ad-covered cable. Terminal boxes have lieen placed 
in t‘very part of the building where circuits are likely to be required, 
and also in two onthnildings, the xAltazimnth Dome and No. 2 Transit 
Moustc Hiis last a.lso houses the Imamura Strong-motion Seismograph. 
'Ilu^ boxes arc indicated on the sectional sketch (Fig. 1) by shaded 
nn'tangles. 'Ihere arc altogether eleven boxes, each having provision 
for tutluu' 12 or 25 })airs. Some pairs are jiaralleled in several boxes, 
giving intercommunication without connection to the central board. 
'Ihe total number of circuits available is 80, or correspondingdy more 
when (‘arth ixuurns are employed. The far end of each circuit is con- 
nect(‘d to one of four 20 x 2 terminal blocks in the rear of the clockroom 
switc]d)oa.rd. In addition there are two otlier 20 x 2 Idocks, which 
terminate the circuits involving switchboard components (h'ig. 4). A 
ciix'uil from oiu' })art of the building to another, or from the switching 
('{{uipmiMit to any part of the building can then l)c made by soldering 
short “ jumpers " from one tag to another. A completely new piece of 
(equipment can thus be added to the system, or an old circuit can be 
modified, in a very short time. 

The caEles to the outhouses are run in ordinary 2 in. waterpipe. 

Switchboard 

'Idle clockroom switchboard, as can be seen in the sketch, forms an 
integral part of an L-sliaped desk, at which all clock comparisons are 
carried out, and from which the transmission of all signals is controlled. 
'Ihe short lim!) of the L forms the chronometer tabic, whilst the long one 
is intended to carry a chronograph and the transmitter for the time 
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t(‘nn(*cliaU:s These are at present sent from a liaiul key 
l)e plii.y|L;c‘(l into the front of the board. At llu' end oi tlw 
‘r table is a jack, into whicli a lead from tin' (dironometi'r 
.eismoi^rapT timing signals is plugged, and in tlu' taadia' of it 
a telephone receiver. This is connected to a simple micro - 
sisting of two carbon rods across vvTiicli rests a thii’d. 1 his 


jno. 3.- 'Rear View of Main Switch Fan eg flower ])()rtiori 
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microplione is iixed inside the case of the signal clock, and reproduces 
its tickinj:^- tor rapid “ eye and ear ’’ comparison with the chronometers. 
Idle swit(dK‘s for all circuits are placed on the sloping panel, and the 
a.sso('iated relay equipment is reached by removing panels at the rear of 
t]K‘ desk (se(‘ Idgs. 2 and 3). The sectional plan gives a clear idea of the 
location of the different clocks, chronographs, etc. 

(docks 4, 5, and 6 are signal transmitters, and are synchronized to 
eitlier (dock I or (dock 3 as described later. Du|)lication is necessary 
to allow foi' overliaul or in case of breakdown. Clock 4 sends a 3 sec. 
<la,sh for seisniogra[)h timing, and has no duplicate, (docks 5 and 6 send 
a 6 i)i{) signal. No. 2 is the standard sidereal clock, and is fitted with a 
system of mercury contacts (6), which give a signal each second for use on 



: 
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u;. 4, Front view of the Main Switch Panel 


the ('hronograplis. Clock 12 Is the free pendulum cluck at present under 
rc-construction. In addition, tw(j circuits have been provided to carry 
imimlses from two photoelectric relays, one giving mean time seconds 
from the signal clock, and the other giving sidereal seconds from the free 
pendulum. 

A front view of the switch panel is seen in Fig. 4. I'he three upper- 
most meters on the left hand side are in the signal circuits to the G.l 
‘>\A and ZLW and on either side are the selector keys for the signal 
clocks and master clocks respectively. The central bank of swUches 
controls the outgoing signals. Each has three positions as described 
in the “circuit" section below. The lower left hand meter shows 
the battery voltage when tire associated push is depressed and the right 
liand one 'shows the current pulse in the synchroiuzmg circuit. I he 
three long banks of keys on the right hand side of the board control 
the chronographs, one bank to each ; and below them aie two banks <.f 
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three “ every minute ” switches on the right and “ G.B. ('lock ", “ No. 2 
Relay " and “ Phone Bell on tlie left. Between them is tin' rheostat 
for adjusting synchronizing currents. Two of tlie pnslu's at tiu* bottom 
control tlie office bells, a third tlie signal clock inicro])lionc and tlu' 
fourth the circuit from No. 2 clock to the chronograpli, allowing a known 
second to be identihed on tlie record. 


Synchronizing ('ikcuit 

Tlie signal clocks are kejit in ste|) with tin* master liy means of a 
simple electromagnetic arrangement. Itacli of the signal ('hx'ks carries 
at the lower e.xtremity of its pendulum a small armatuu' of solt iron. 
At one limit of its swing, this armature passes bidwi'cn tin' poles oi 
an electromagnet. This magnet is energized by tin* mastm- ('hx'k at 
each swing, and the pendulum made to e.xecute forced x’ilirations. Tlie 
arrangement of the master clock is as follows. To tlu‘ upper end of 
the pendulum is fixed a cross arm, carrying a pin at its outtu (‘xtrianity. 
The pin can dip once each swing into an insiilatixl meta,l tm[), containing 
a quantity of mercury covered with paraffin. This ('ontaid ('om]>hTt‘s f h(‘ 
circuit of the electromagnets. 

The system will cope with (juite large cliangt's in tlu' ratt' of tlu' master 
clock, but variations of more than 0.1 sec. in H> minutes an' inadvisable. 
Failure to sym'hronize nsnally results in stoppage of flu' clot'k. Titt‘,st‘ 
ra])i{l ('hanges are occasionally needed in onler to cornxd the signal 
clocks before signal transmission. Some modification was rei'entlv 
made to the form of tlie magnets to prevent damagi* to the pcndulnm 
suspension springs by bumping in the event of a local (‘artlupiake. Thmv 
seems to be room, liowever, for a closer investigation of tlu^ limits of 
this system of synchronization. 

The circuit normally operates with a. ciirrtmt of 24 ma. and 
a rheostat is ])rovi(led on the panel to cojk' with small variations in 
battery voltage. In addition a large cylindrical sli<lc n^sistama' in 
the rear of tlie board enables the removal of a. clock from tlu‘ (drciiit for 
overhaul to be compensated. This can be seen in tlu' cimtrt' of lug. 3. 

Since failure of tlie synchronizing circuit would caust' the transmission 
of incorrect signals, it iias been run in se])a.ratc haul cabh* marrying no 
other circuits. This makes for the maximum strength and (sisi* of 
location. The circuit is specially terminated on a, suhqiand immialiah^ly 
under the cylindrical rlieostat. 

Signal Circuits 

A simplified version of a signal circuit is shown in lug. 5, Only 
two signal clocks, Nos. 5 and 6, are shown, and threi^ of the outputs, to 
ZI.W, 2YA, and to the telephone signal circuit. All other circuits may 
bi' regarded as approximating to one or other of these tyjxrs. 

With each clock is associated a type 3,000 tele])hone nTiy. Tlu^si' 
arc located in the rear of the clockroom desk, in the compartment under 
the switch iianel, and can be seen in Fig. 3 on the kdt hand sides No 
observation is made upon a dock, or .signal sent from one, which doe^s not 
include the oj)eration of the relay. The necessity for consichaing 
relay lags is conseijiiently removed since these are incorpoudud in 
every oli.sc^rvation, and may be regarded as constant so long as tlu' battery 
voltagi' does not vary appreciably. This is kept iindca* constant ob.si^r 
vation. 
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Ea.cli relay carries six contacts, and serves two {)ur{)oses. The ftrst 
is to ke(‘{> liiNOi currents out of the clock contacts, which are sniall and 
delicate in order to have the least jxissihle effect on the ratt‘ of tlie 
clock, and the second to multiply the number of circuits which (am 
controlled l)y a single source. All the relays remain j)erman(‘nth- 
connected, with the exception of that associated with Nh), 2 (‘hx'k. 
This can he switched off by a key on tlie lower rigid hand sid(' of the 
board, thus preventing too rapid oxidation of the mercury ('ontacds. 
These cannot recaave attention without altering tlie ra,t(‘ of the <do(dc, 

The signal clocks contain twa) contacts ; MIN " wliicli sends the 
signal each minute, and “ HR ” which closes during ('ertain seli‘('t{^d 
minutes of each hour. The two are connected in S(‘ri(‘s, and wlu*n both 
close, the associated relay (I) for clock 5 and E for el()(d< 3) is emn’gi/.(‘d, 
closing all its associated contacts. Each clock lias a.ii “ every minute 
switch, mounted on the switcli panel as described above. These, as can 
be seen, are three position switches, and are inoperativ'c in tlu* c'entral 
position. When in the down position, the “ HR " ('ontax't on tin* tdock 
is short circuited. This allows tlie signal to energize tin* nhay viich 
minute. At the same time, tlie circuits to ZlAV and 2\'A an* broki'ii. 
so that spurious signals are not transmitted. 'I'liis is known as tin* 
“internal '* jiosition, and i.s used to secure the extra signals iu‘(‘ded foi* 
comparisons and in recording overseas radio signals, 'lln* up or “ ex 
ternal " po.sition also shorts tin* “ HR " contact, but does not \nv:\k tin- 
outgoing circuits. It is thus possibh* to transmit (*xtra signals at anv 
time Ifir test }mr})os(*s. Note tiiat operation of eithei “ <‘\'erv luimitt* ■” 
switch on the internal persition will break tin* signal eiiruits, wbel !n*r 
or not that clock is ccynnected to the outside lines. 

Outgoing signals leave tlie Observatory in an mnh-rgromni t(‘h*plione 
cable, a,nd tlie different users require di(fer(‘nt kinds of signal juilsi*. 
ZLW, for instance vises an earth return and n*(piir(‘s a (mrr(‘nt of 25 ma. 
to operate the transmitting relay. This has to la* supplit*(l from the 
Observatory battery. 2 YA has its own audio oscillator and pow(*r siqip) v 
and requires only the closing of a twmwire circuit. Tlu* t(*h‘phone 
signal circuit, which gives a signal by teleplmm^ for sidi'iititu' purposi*s. 
is fed with an audio frequency signal generated at the Oliservatory. 
The tlirec keys near the top of Fig. 5, marked “ ZLW “ 2VA ami 
" Phone’’, are test/send switches. The “test” position sends a con- 
tinuous signal down the line, the central position is olf, and the “ s(nid ” 
position is that for normal operation. ( hreuits fed with 6 pip signals pass 
through the “ signal selector ” also. 11iis is a two-way key wdiit'k 
connects the circuits all to the contacts of relay I), op(*rated by (-lock 5, 
or all to those of relay K, tqierated l)y clock No dilhculty should be 
experienced in tracing the comjdetc* operation of tlicse from* tlu* circuit 
diagram. 

I'he “Phone” circuit is more complex, 'die line itself passes 
throiigii the switch “ (TB. Clock” (shown in its normal position), and 
via a normal test/seud switch to one winding of a rej)ea.tm' (a)il tlu^ 
otlKu; side of which is grounded. Into another coil of this n*pcat<*r 
IS inj(icted a six-pip 1,000 cycle audio signal from a, local osi'illator 
vvhich IS trif^gerecl by relay D or relay E according to the position of 
pc selector switch. Both filament and anode voltagis arc derived 
irom the central liattery. The filaments are connected in series ami 
m-e run at a lower current than normal, in order to I'xteud their life. 

I h(! o.snllator work.s continuously, but anode voltage is applied to the 
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amplifier only wlien the relay closes or the test/send switch is in tlie 
“ test position. This has been found to give a ckcir note fre(' from 
key clicks and siifficiently loud to overcome the consiih'rohle noisc^ 
and “cross-talk’' sometimes experienced on this tiii'phone lime 

Wluii the “ G.B, Clock” switch is moved to the down position, 
line is dis('onm'ct<.‘(l from the repeater coil, and joiinMl to a ('ii'cnit eon 
sisting of tlu‘ battery, the operating coil of relay (!, and a eontaet on 
the Government Buildings clock which closes wlien the chu'k (diinn's. 
'riiis signal operates buzzer A in the Observatory switchboard, and 
enables the en'ror of the clock to be observed. 

It should he noted that changeover of tlie .seh'ctor switcli does not 
affect the operation of the relays, tlie selection being one of ('out rolled 
circuits, and not of rehiy windings. (Tironograph obstnwations of 
the signal clock not in use can therefore be niad(‘ without aHV('ting 
the signal circuit. This valuable feature was not included in tiie pixwious 
system, a single relay being used for transmission of signals from c'ithm- 
clock. I'his was a specially designed low lag relay, lad e.xpmiema' 
confirms the o})inion that associating a relay witli its own (dock hauls 
to fewer errors of observation. 

(TlIU)N()GRAFIiS 

The ()I)servatory has three ehronographs and the swit(diboard mak(‘s 
])rovision for 20 different signal sources. Th<^ sim])lirii‘d cirtniit (big. H) 
shows only two, and twai different signal soiinacs, tlu' i’<‘]ays G and 1), 
associa,t(M;l with ('locks 4 and 5 respectively. 'Hh* (dironografili switrhts 
have three po.sitions, the centre cine Ixd off, the “ uji ” connecting 
one pen, and the “ down ” the otlier. Id'udi liori/onlal low of swit(dios 
controls one c.hronogra.})li and each vtadi(ad row oiu* signal sonn*e. 
'File lines to the chronograph p{ms ('oirtain 75 ohm limiting r«‘si.s{ois, 
and connection is made by tag jum[)(‘rs to vvir(^s in one ol tin* lead <’al)h*s. 
At the far end, the circuits pass tlirough pa.rall(‘ling s\vit<dies, one as 
sociated with eacli instrument. In addition to tlu* ce/ilral “ off 
position and the down “ on dg these keys have* a, “ paraihd position 
wliich feeds all signals to both pens. This i’acilitatt's tlu* detei’inination 
of any errors due to pen parallax or to (linVrciux' in lag betwasn tlu* 
twx) pens. By turning off this switch, a chronograph can lu* set up 
for, say, radio signal rccc])tion and turned on when n‘(piir(‘d at the 
paralleling switch, without reference to the main swit(dihoard. 'Fhis 
is particularly useful in tlie case of tlie transit room (dironographs. 

Conclusions 

The electrical circuits now installed in tlie Oi).s(*rvatorv siM*m to 
be free from most of the inconveniences of tlie jiast, and to be abU* 
to cope with normal future expansion for .some time to eomc. Although 
the service which can now bo provided i.s aclecpuite for (ivil pnrfioses, 
the demands of longitude, frequency, radio propagation and .siismologii'a.! 
work wmuld seem to require greater accuracy in the lu^ar futnn*. Tliis 
can be obtained within the framework of the exi.sting system by the 
installation of at least one modern precision clock. I'hi's shouhi {ire- 
ferabiy be of the quartz crystal oscillator type, for althougli the hmgth 
of the run obtained is shorter than that of free pendulums under normal 
operations, susceptibility of the latter to interference ])y local earth 
quakes is a disadvantage. Such additions would l)oth facilitat(^ the 
maintenance of the civil time service, and open up possi))ilities of re 
search programmes which cannot at present be undertaken foi’ lack 
of precision time or frequency standards. 
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A GENERAL PURPOSE RECORDING APPARATUS 

By W'. e. WiiiTTi.KSTON and J. M. Ziman, Animal Research Station, 
Department ot Agriculture, Ruakura 

{Received for ptiblkation, 7th July, 1947) 

Summary 

A rt'cording instrument is described which is based on an A.C. bridge 
network ('ombined witli a balancing motor controlled by phase discriminating 
relays. A discussion on the requirements for an anti-hiinl inching mechanism 
is included and (lie application of the inching principle to the recording 
apparai ns describ(‘d . 

Introduction 

The apparatus to Ih^ described arose from the need for recording equip- 
numt <’a.pal>le of measuring clianges in tdectrical conductivity, small 
})rt‘ssure (dianges and li(juid How rates. Such a range of phenomena 
suggest(‘d the di'sign of a, really general purpose recording unit and its 
<lescrij.)iiou is prom])ted by the fact that its usefulness may be of value 
to otliers. 

After some consideration the phase discriminating relay meclianism 
used during tlu‘ war for auto-pilot mechanisms (1) seemed to form a 
good basis to start from. This ))rinci})le is simple and sure. The biggest 
problem was to make a simple anti-hunting mechanism. 

One of the rcRjuirements of the recorder was that it be small and 
portalole. This ruled out several possible mechanisms but that to be 
des(uib(Mi seems very satisfactory and capable of a range of adjustments 
and a])plicati()ns. 

I'lui subject will be treated in three .secti<ms : — 

(1) A theoretical discussion on the use of ‘'inching ’’ mechanisms for 
anti hunting purposes. 

(2) A description of the recorder incorporating the phase discriminating 
relay [)rinciplc and a simple inching mechanism. 

(3) Applications of the apparatus. (To be published later.) 

Part I. Description of Apparatus and Consideration of 
Principles Involved in its Application 

Many recording and controlling devices may be described in the 
following general terms : 

C A O 


B 


D 
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An arm with a contact slides along a resistor € I). In a rc{'o!-ding 
instriiiTient this arm is driven by a small motor and bears a {am nr 
])f)int(M‘. At any given moment a point O represents the balance |)oint. 
I'hiis, in a milk (low recorder it is the balance positiem of the l)ri(ig(‘ 
whose nihvr arm is tlie potentiometer coupled to the tank (loat. Wlwn 
thv ('ontact is to tlie left of a point A, or to tlie riglit of B. a relay closes 
and atTiiates the motor, driving the contact arm back towards O. As 
() moN'es in accordance with the variable that is being rt'corch'd, A and 
B mo\a' with it, and the contact and arm are constrained to follmv, 
the |)en then tracing out tlie values of the variable. 

Howe\’er, such an instrument may, in practice, lie rendeix'd sonu* 
wliat insensitive by the iinite inertia of the motor. If this is sufficient 
oscillation or “ hunting plienomena may be found, 'riuis, the coidand 
reaches A, the motor switches off, but tlie weiglit of tli(‘ mo\’ing }>arts 
carries the contact past O to B. The motor is then revi'rsed and dri\'(‘s 
the arm back past 0 to A, Tlie process repeats itself indcfmitidy, 
and the pen leaves a broad trace on the paper. 

This effect may be avoided in three ways r— 

(1 ) The gap A B may be widened, thus reducing tlie seiisitix'ity sonu'what. 

(2) A resistance fir brake may be applied to the motor to {mwent it 
reaching sufficient velocity to carry over tlie gap. 


(3) “Inching’' may be employed. 

It is this third technifjiie which is tin* snhjf^i't of tlie jinssent disf'iission. 
In luoad terms, the method consi.sts in having two furthm' ndays, at 
(' and 1), outside A B, that are antiiati^d wlam th(‘ bridgn is somewhat 
out of balance. W'ith the contact to tlu* Ir.ft of or to tiu^ right of 
1), the motor runs freely. Btdwtmii (■ and A ami Indwisai B» and i> 
the motor is fed wdtli short pulses of cairnait. B>i‘twe(ii A <and B, thfn^ 
is no current to the motor, as before. The effect is to redina* gnsatly 
the velocity which the arm can attain near the balance point, {mwenting 
it from over-running. 

The problem, then, is to determine the values of the duration of 
the pulses, the time between them, the widths of A B and A C, such 
that the sensitivity of the instrument shall be at an optimimn It is 
necessary to calculate these in terms of readil}^ measurable constants 
of the instrument, and some criteria of sensitivity must lx* set rip. 

Let us assume that the mechanical and electrical inertia of the motor 


and arm may be lumped into a constant m, and the n\sistance and 
frictional terms into a constant r. When the curnmt is .switcluxi on. 
the force on the arm is p. The displacement of the contact along (‘ D 
at time t is then x. We can write down two fundaimmtal (vpiations. 


m 


_cl-x 

dt“ 


f r 


cit 


(!) 


when the current is on, and 


, dx 

+ "’dt 


( 2 ) 


when the current is off. 


(Terras in x are assumed negligible, representing electrical ca.{>a(ati(‘s 
and stiffness factors.) 


Sup{X)se tin; velocity in the steady state, i.e., when 

Then v == 


-- o is V. 

( 3 ) 
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Put 

and we liave 


k 

m 

f k- 


cl^x 

dt“' 

d'-'x 

d? 


m. 

dx 

dt 


Vk 


(4) 

(la) 

(2a) 


and ^ivi' 


lV)r (la) and 


1 l)es(* differential equations may be solved by the usual methods 

X _ vt - ^1 - c + ^1 - -“] ,5) 

s “ '■ D - ' "'] + “ “■“ l«l 


dx ^ kt 

<u = «« 


( 8 ) 


ior (2a), wliere s is the velocity when t := o, x = o. 

Let tlie current now be fed in pulses of time length t^ with a pause 
ol din-ation tj, between. Then, whatever the initial velocity of the 
arm, ixUvr some time the velocity settles down to a steady value about 
which it Ourtuates as the pulses are fed in. The maximum velocity, 
whicli W(‘ shall call V max occurs at the end of a pulse. If S is the velocity 
at tlie l)egiimiiig of a pulse, we have from (6) and (8) 

"ktftl, , __ —ktjj 


and 


V 

max 
S V 


V 


D 

— kt 1 
e 

max 

V 11 


i.e., 


[> 


] 


se 


(9) 

( 10 ) 


kt.>' 


max r, — kt, 

V “ " “J 

If tire current i.s now cut off, the aimi will move a distance X 


(11) 


by equation (7). This distance must be less than the distance AB 

vfl-e-^^q 

Thus 2w > -L (12) 


k ’ 
2w. 


k[i 


-kt. 


--kto 


Put ktj a, kt.^ ~ a and/? are then the ratios of the “ off and “ on" 
times, respective^, to the time for the velocity of the motor to fall 


to of its value when the current is cut off. 

' ,e . ■ 


2vvk 

V 


where 


> p 


- (a + «- 


We must then have 

(18) 

(14) 


llw- significance of p is that it is a pure number, whose value is 
determined by the constants of the motor and inching mechanisms, 
and which must be less than the ratio of the width A B of the neutral 
gai> to the distance wliich. the arm moves when the current is cut off, 
in order that oscillations should not occur. Curves of constant p are 
plottiid in Fig. I, with a and as variables. ' ■ ■ 
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It if; necessary now to find some further sensitivity criterion Ix'sides 
the width 2w. Vor this, a form of '* velocity response” is suf;| 4 (‘slt‘(l. 
Consider the balance point 0 movitig so that relay A clos('s. This may 
1)0 assumed to occur, on the average, in the middle of tln^ off period of 
the pulsing mechanism. The arm will thus stay at rest for a iinu* 

“T then be given a kick ’h The distance d travelled as a. nrsuit of 
this will be, from (5), (6) and (7) 



Wc can say tliat this occurs, on the average, in a time 1 h T ti* 
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In other words, the bridge is brought back into balance with a single 
'‘ kick ” if the velocit}?’ of 0 does not exceed q where 

9-^^+ t> 

2 ‘ - 

Now iTut (T = Then 

V 

a = [p - e (l ^ e -^)] ( 17 ) 

(T is a niunber of zero dimensions, and represents the ratio of the greatest 
velocity whicli can be recorded accurately to the tracking velocity of 
tlie arm wlien tlie inotor is running freely. In Fig. 1, contours of 
constant a are plotted for values of a and jS. 



('onsideration of F'ig. 1 now shows that maximum values of a are 
associated with minima of p about the line a = 1. This, then, will 
be tlu' Ix'st value of a, to be used when possible. Fig. 2 shows the values 
of p and (T for tliis value of a. 

I'iiially, it is mr.essary to calculate the length 1 of C A. (xmsider 
the inotor stopped at C, tfie arm continuing under its own momentum 
for a. distance a for a time where /2<G then given a pulse of duration 
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during which it travels a distance i>, and linaily cunning to ix^st 
travelling a further distance c. The- total distance traN'clleti is a, ! }> | (' 


where 

a - 

A[> 






1) 

Vt^ 



- k 

■ I* 


c = 

T[' 

C '“•] 1 

V 

1- k 

kU, 

" e 



from equations (5), (6), (7), (8). 

:i.e., aq. b .q c (I { J) (21) 

This should be tlie distance C O, for tlien the time taken in crossing 
C A will contain only one pulse, i.e., 


1 + (I q. /3) (22) 

Whence knowing w and having decided on ^ we can (’alculatc' 1. 

If, for practical reasons, tlie value of a nuist he made somewhat less 
than 1, the following expressions, which may he derived hy considering 
the ehect of a number of pulses acting on the motor as tlu' (’onta<d 
tra\'els from C to A, may be used. 


'rh(‘ (uiterion (13) becomes 

2kw . r, , (' 


- 1) 


wliiist (22 ) !)(‘coines 


+ q, iO 


C '■ '0 


I' (n i ^)1 ,, 


(.« 1 ft Ql 


] (It) 


'flic procedure is, having decidtal w, a and /:J, t(» dettainim' u from (23) 
and then tind 1 by substituting in (24). Hut this is only valid wiirn n 
is at least greater than 1 , and cannot b{‘ relied on for say n less than 0.5. 


The practical determination of the assuuKHl constants k ami v is 
<]iiite simple, v is {)btaincd by measuring the tiim* tin* a,rin tak(‘s to 

“track" a measured distance at full speed. is th<‘ distance th(‘ 

arm travels after the current is cut olT when numing at full speiul 
w is easily measured, and may usually he varied hv alti'ring tin* sensi- 
tivity of the electrical circuits. 

To determine tlie optimum conditions for “ imdiing without 
“hunting" in a given machine, measure k and v, deei<i<‘ on w, and 

calculate — , Find a value of p just less than this and d(‘terniim‘ the 

' .,Y ■■ ■ ■ -j ■ R 

corres])onding value of jS in Fig. 2. Then t, — , a.nd t.> - , 1 ma,v 

1h‘ f<miid from (22). The “Velocity resjxmse ” (] is given l)y o-v, « 
being read ofif on Fig. 2 from the appropriate value of B. Alteriiatively 
I) may be jircdetermincd, and a minimum value for w found. Or it may 
l)e necessary to ii.se a value of a different from 1, wtu'ii the necessary 
conditions are found from Fig. 1 and, if necessarv, (‘(luatious (2b) and 
(24). 


Example : In apidying these methods to the re(a)rder, we liave flu^ 
following measurements. 
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rile ami travels with a velocity of 15 mm. /sec. when the motor 
rims fnH'ly. When the motor is switched off, the arm travels a further 

3.5 mm. I'he relays are both open over a space of 1 mm. at the balance 

point. I'hus V ~ 15mm./sec, ^ = 3.5 mm. 2w === 1 inm. 


V 3.5 

O. 29 

“ra,k(‘ p 0.2, allowing a good margin. With a r- 1 we have ^ .15. 

These vahu's give u ^ 0.06, and tlie maximum velocity which may 
l>e reeoi'ded accurately is q av 

= 0.06 X 15 
~ .9 mm. /sec. 

I’liis i.s adecjuate for the purpose in hand. 

'rii(‘ pulsing meclianism is then arranged so that the current is off 
for a time , t| ~ 

V 1 

™ a . , . 
k \' 

1 X 3,5 

13 . 

.23 sec. 

rind tin for a time. U ^ B 

^ k ' k V 

.15 X - 3.5 : ' 

45 

=r; 0.035 sec. , 

Idnally we^ liave I p (I +■ /?) — ^ w ■ o ■ ,/ ; 

“ i 0 ' f -- O 

3.5 (1 + .15 - .14) 

3.5 mni. 

Tilt' " inching " relays slioukl thus be set to act when the arm is 4 mm. 
In nil the balance iioiiit. 

P. AKT 11. Thh Kecokuing Apparatus 

Mg. 3 givi's the circuit diagram of tlic apparatus. It may be 
divided hir the piiriiosc of discussion into three sections ; - 
(1) the liridge circuit ; (2) the balancing motor and (3) the phase dis- 
criminating relays. 

The bridge circuit consists of two wire wound potentiometer.s k.lO 
and R.l I fed from a small 6 volt transformer 'I\. The balancing motor 
drives the earthed arm of K.lO while the arm of K.ll is ojierated by the 
measuring apparatus, e.g., a pressure operated device or a float mecha- 
nism. h'or some applications R.ll may be replaced by a fixed resistor 
and a conductivity cell, R.IO being suitably modified. Both resistors 
may be replaced by variable split stator capacitors. In fact any 50 
cycle A.T. bridge network may be employed at this point. 

'I'he balancing motor used is a small radio tuning motor whose shading 
coils L4 and L5 may be shorted by the relay contacts SI and S2, the 
direction of rotatioii'of the motor being controlled by whichever contact 
clo.ses. This motor drives a pen across the paper and moves the arm of 
K.lO. 
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The out-of-balaiicc voltage from whatever bridgi‘ circuit is used is 
applit‘<l to the control grid of the pentode amplifier V4 \vhos(‘ output 
voltage is applied to the two control grids of the double triodc' V3. Tlu‘ 
coils of the relays operating SI and S2 are in the platt* circuits of V2 and 
r('C('ivt‘ power from either end of the centre tap}H‘d secondary of I'i, a 
snm.li radio transformer. (The plate voltage of th(‘ pentod(‘ V4 is sup- 
plied !)y the rectifier VI and the snioothing-circuit R2, (■!, ('2, from the 
same transformer secondary). Tlie bias for the grids of V2 is supplied 
from one wing of the secondary of Tl the “ sliunt dioth' " V3 (2) and 
its associated smoothing circuits IMS, C7 and ('8. 'ITie level of l)ias is 
controlled by the potentiometer R7 and the variable resistor R8 together 
with the rotary switcli R.S. 

The inching rneclianism consists of tlic rota.rv switcli R.S. drix'en l)y 
the synchronous clock motor whicli drives the paper through the n‘C(jr<ler 
and the resistor R8. This results in a “ square wa\’e *' being imj>i'i‘ss(‘d 
on the bias voltage apiplied to V2. This type of inching nu'dianism is 
convenient in that it avoids any extra switching mechanism in the motor 
circuit as tlie relays siqiply the intermittent switching. With th(‘ reb'iys 
available the time constants were rather liigh with the result that tiu‘ 
optimum inching frequency being too higli for the circuit could imt 
be used. The compromi.se effected reduces the ma\dmum lialaruung 
speed witliin the inching margin. This point is worth ('oiisideration 
when a choice of I'chiys is pos.sil)]e. 

'fhe action of the circuit is as follows: Out-of-balauce voHag(‘ 
appearing at R.6 is amplified and applied to V2 whosi* grids are jusl 
biased to ciitaifl when ITS. is dosed. l)('peiidiiig on the jdiase relatimis 
between the original (lutaifdialance voltagi' and tliosi' of ilu' two ends 
of the .secondary of 'I'I, the alternating voltagv on tin* grids of V2 (Uiiisi's 
one or other half to conduct thus eiuu'gising tlie roriesponding relay 
coil. This causes the motor to run in such a, (lin'ciion that it luings the 
circuit back into balance. Now. as previously d(‘scrilHai, if tlnu'e is no 
anti-hunt provision, when the sensitivity of the circuit is higli the nundia 
nism will hunt. However, as the balancing arm nears the mill point the 
signal on the grids of V2 falls below the h‘V(‘! of tlie swinging bias on 
these grids and the tube conducts intermittently, 'die motor thus rnm 
in a series of spurts until the voltage lias fallen' to such a l(‘v<‘l that the 
relay is not energised wluui R.S. is dosed. 

The adjustnumt of the apparatus is elTected as follows: R.8 is 
imwed to give no signal on tlie control grid (d V.4. With R.S. c'iosisl 
k.7 is set so that Imtii relays have jtist dropped out. K.H is set for the 
desired inc-liinM margin A. 11 (Fart 1). R.6 is tlieii .set (or the level of 

sensitivity re(]uircd. As can be seen the device is very (le.xihle in that 
both inching margin and sensitivity arc variable over quite a raugis 

The complete apparatus consists of a chassis carrying the electronic 
circuits and relays mounted in a bo.x beneath a panel carrying the. paper. 
moving mechanism which is driven by a Venner syndironous clock 
motor. I his latter operates the rotary inching .switch. 'I'lic recordin.g 
and balancing motor is carried by the lid of the bo.x so tluit wiicn the 
lid is opened tlie pen is lifted from the paper. A third relay is used 
or the remote control of the paper drive so giving us a convenient 
liexible recorden- for use in the laboratory and in tlie held. 

Applications of the instrument will be described in a, subsequent 
pajier. ' 



316 


1948) Whittleston and Ziman— A General Purpose 
Recording Apparatus 


Acknowledgments 


writers wish to acknowledge the assistance given by Mr. J. D. 
Ali( n dl this laboi atory who constructed most of the recording apparatus 



IPhsislors : 


<J.apaciiors : 


'l'A}iLK 1. Components J^ist (Fig, 3) 


HI 

\<2 

ICH 

R4 

K5 

RR 

R7 

R<S 

R9 

RIO 

HU 

RI2, R13 
R14 

R15 


20.000 ohnTs wire 'wound 50 watts 

50.000 ohms carbon 2 watts 

500,000 ohms carbon 1 watt 

2,000,000 dims carbon I watt 
1 ,500 ohms carbon 1 watt 

500.000 dims carbon ])otentiometer 

100.000 ohms carbon potentiometer 

100.000 olirns carbon jiotentiomotor 

500.000 ohms carbon 1 watt 

10.000 ohms wire wound potentiometer 
Any suitable brklge arrangement (see text) 

100 ohms carbon 1 watt 

Wire wound adjusted to give desired motor 
speed 

500,000 ohms carbon 1 watt 


Cl, C2, C7, C8 
C3, C6 


('4 

C5 

C9, CIO 
Cll, C12 


8 mfd electrolytic 
.05 mfd tubular paper 
,25 mfd tubular paper 
25 mfd electrolytic 
,5 mfd tubular paper 
.25 mfd tubular paper 
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Valves 

VI 

5Z4 rectifier 


V2 

6 SN7<;T 


V3 

6 X 5 


V4 

6 SJ7 

'J'l'aiisforniurs : 

T! 

Midget radio transformer. 3.50 • 0 : 

5 . 0 V . 


T2 

Small 6.3 v. fdameut transformer 


LI, 1.2, SI, S2 

'relevihone tyiie relays 6,000 olims t'oils 

Halaricing motor : 

M.. 

Eadio timing ilrive motor 110 


Rkeekences 

( 1 ) Gille, W. H. and Sparrow, H. T’. ( 1944 ): Electronic autopilot circuits. 

Electronics , 17 , 110. 

( 2 ) Ibid. ( 1945 ): ILse of shunt diode for sup]>l\ in{[^ l>ias. Eh'iiyonirs, I S, 218 . 


A LABORATORY-BUILT PHOTOELECTRIC 
COLORIMETER AND FLUORIMETER 

By W. A. McGillivkay, Massey Agriciiltiu'al College. 

I^almerston Nortli 

( Heceived for piildicatlon, Ifllh Septenihrr, I HIT) 

Stimmary 

'lids pn])er ck*scril)es a siinplt* coiuhinalioii coloriiuclci lluoriiutdci 
suitable for f<<‘ucral la,l)oralory work. ‘rii(‘ instrument is iiu'XjK'U.sivc and 
easily coustrucU.'d from njadily obta.in;d>U‘ ('omponiMits. I)csi/*ncd oiij^nailv 
for vitamin a,ssiiy work the instrume'id (am rtxulily he a<lapt<'d to otlu'f uses, 

It lias been used extensively for the colorinud ri<' <\stiinalion of Vitamin A 
(iisin^ the antimony trichloride and glytun'ol dichlorhydrin met hods), lanotimt^ 
and nicotinic acid, for tlio fluorinietric (kdnmiination of thiamin (thioc.hronu* 
method) and riboflavin and for turbidity ineasunMUents (e.g., in ctadain mict‘o 
biological methods). 

Intkodiiction 

Although the measurement and comparison of light intiTLsities ty 
means of photoelectric cells has long been a,n estttblislu^d praidica^ in 
physics, it has only recently been applioRi to chemical probhnns tind tin* 
introduction of ])recision ])hotoelectric methods to this held has given 
a much needed impetu ; to colorimetric and ihioriimdrit' umthotls of 
analysis. Although there still exists corisidt'rabht diUVreiu’e of opinion 
as to the relative merits of photoelectric as against visual methods o{ 
colour measurement, for most ('olorimtdrie work the [thotoelect i ii“ 
method possesses the advantage* of freedom from ‘ pe'fsonal mror *. 
greater accuracy and reproducibility togetiun- with .speu'd, euist* of oprra 
tion and alisence of fatigius 

At the same time })h()toelectric measurements rt‘<juire mom (nitii'al 
interpretation than visual and not all colorimetric proctulures lend 
tliemselvexs, without rnodiheation, to photoelectric methods. Solut!«ais 
matched ])hotoelectrically are not necessarily matduul visually and 
in particular pliotoelectric measurements are upset l>y intmlering 
factors such as turbidity, so that much of the criticism of'plwtoehrtrii' 
(Viloiimetms should be .level led at particular methods of analysi.s mthn 
than at pliotoi'lectric methodvS in general. 
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1948) Mt:(iiLi;ivRAY A I.abokatckv-Bi’Ilt Photoklkctric 

( OLORIMKTER AND FlitORIMETER 

i^'nlhAviuR VWvlyu's uriginal coiitribution ( 1 ) a large iiumber uf 
(l(‘signs lor pliotot'Fvtric c()lori meters, absorptionieters and fliiorimeters 
a])|)(‘a,rcHl, together with a number of commercial models. F'unda- 
inentally all dc'pend on a comparison by means of a photoelectric cell 
or ('ells of tlu‘ amount of light transmitted by an absorption cell con- 
laining a, solution of the coloured substance to be estimated and a 
siinihu' ('(P (aantaining a known amount of tlu* pure substance. 

I ^ n oi'oc L i.s AM) C 1 c i ' n s 

Ot tile tliree main ty{)es of j)[ioto cells available, only tlie higli vacuum 
pholo-emissive and tlie Inirrier layer types have been used to any 
(^xteni in eoloi'imetry. (lus filled phot()-eniissive cells are not used 
siiK'c alfhoiigli they |)ossess the achaintage of up to ten times the sensi- 
tix’ity of tli{‘ (a)rres{)onding liigh \aiciium type, because of ionisation 
euriH'uts, iiiK'arity of response is attained only at low ap})lit‘d potentials, 
i.e,, whtm tlu‘ tail is really behaving as a vacuum ct‘lh 

High N'acuum (‘(Fs possess the advantage^ of high scnsiti\'itv' since 
tlu'ir output ('an 1 h' amplified to any desired degree by the use of standard 
radio \'al\'('s and they are |)articularly usefui when only weak illumi- 
nation is a\ailal)h'. However their use necessitates a stabilized D.C. 
v'oltage and the eonstrtiction of a sufficiently stable amplifier presents 
di!h('ullies in the way of general design and layout. Unless these 
oomlitions ar<‘ satisfied there is a tendency to drift and to general in- 
stability (S(‘c‘ later), lire use of these tubes is therefore restricted to 
special ap}>!i<'atioiis of cohirimetry and by far th(‘ gn^ater majority 
of cohuinietcrs employ tire l.iarrier layer type of cc‘ll. Although these 
cells giv(‘ 2 3 tinu's mon^ output per lumen than the higli vacuum photo 
emissi\'(‘ typ(‘, th(‘ir m'tual seusitivity is lower since anpilification is 
restri(de(I owing to th(‘ir low int(‘rnal resistance. (Although it isgtmeral- 
ly ('(UisidertMl iinpossibh' to succ(^ssfully amplify the outjiut of barrier 
lay*'!' c('lls. amplilnu' circuits have been suggested by the manufac- 
tunu's (2)). n(AV(‘\^(‘r foi’ normal colorimetry their output of 100-200 

inii'i'oampc'rcs per Inmeu is (juite sufficient, their res})oiis(^ with low 
(‘xt(M'na,l nsistatu'e is linear, tlu'y show little fatigue, have unlimited 
lile, are niggu'd and c'ompact in construction and rc(piire no external 
sta,hiliz('d x'oltagcc ( )f the cells at jiresent available, the spectral response 
of the l)arrier hw'r ('('II is somewhat better for use in the visible spectrum 
than that of tie' (ihoto (.'missive type, hhill information regarding 
th(‘ tw(i types of c('ll and their o})eration is set out in brochures supplied 
by the mamhf'u'tun'i's, in particular the HCA Manufacturing Co. Inc. (3) 
aiul the Wt'slon hdc^ctrical Instrument Corporation (4) while Muller (5) 
has r('^’jew('(l fully photo c('ll ty])es and circuits in common use. 

Ham Vacuum Photo Turk Colorimeters 

These' ('olorimeters ai)peared to offer most |.>romise on account of 
th(‘ grt'ater scm.sitivity of the higli vacuum tube circuits and experiments 
W(‘r(' first diix'cted to the design of a colorimeter of this type. ()n the 
grounds of low cost and simplicity of construction and operation, a 
('inuiil d (.‘SC ril )(.'(! by the manufacturers (RCA Manufacturing Co. inc. (3)) 
for matching nu'asurements offered most promise for a laboratory built 
modt'h In this A.C. operated two cell circuit balance is obtained 
('hxdrieully by varying the voltage on tlie photocells w])i('h are arranged 
in s('ri('s across a reasonably .stable voltage source (recti fua] and smootlied 
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nuiins). Huhv is one stage of ainplitication and a ‘ inagir ryo ' Is usi^d 
to indicate balance in place of a gal vonorneter. Tin* eU'ctrii'al (snii 
poncnts \v(‘re mounted underneath a well ventilat(‘(l ciiassis and tin* 
layout of photo tH'lls, lamp and controls was based on that ot the Sp(*kke!' 
Plioto(*le('tri(' Ahsorptioineter. However considi'rabh* diitieiilty was 
<'\-j)(‘rienc‘e(l with drift due mainly to the heating of cotnponents and 
lliictuations in the line voltage. Small moditications to the original 
('irciiit and layout elh'cted wry slight improvements and tin* instrunumt 
was only ri'asonably satisfactory for measuring turbidity ami for colori 
inctric work using blue solutions, tlie sensitivity d(‘ci('asing rapidlv on 
moving through the s])e(‘tnim towards tlie red. k'urtlun'. (’\’en in these 
cases the cxj)(‘ct(Hl d(‘gre(‘ of accuracy was not olitained and flu* inslrvi 
merit tended to he unstahka In view of these clihiculties wlncfi a|)j.H‘ared 
inherent in this t\'p(' of instrument, the use of \ai.curun type pliotca ('ells 
was abandoned. 

CONSTIElICTI(:)N (3F A COLORlMETER^ A bAKEM!',K LWV.K (b^EL 

Photoelectric colorimeters fall into- two main groups, thost* utilizing 
a single cell giving a direct galvanoineter reading and thosi* using two 
cells in a balam'ed type of circuit, in which the halaiu'ing is citlim' elc('* 
trical or optical. A. balanced circuit overcomes tin' u(‘C(‘ssity foi* a, 
constant voltage supply for the lam{>, since if f)i'op('rly (k'sigm'd it will 
conpHuisate hu' Ihictuations in the light sourer' ami, ('ontrary to gt'noral 
liclief, does not necessarily napiin' cells accurati'ly matclicd iui- Uu'ir 
spectral n'siionst* (5), At tlie sa.nu' time tlu' singlt* cell oilers thi' ad 
vantage of sim})}icity in construr'tion and greaier sp(M'd and i‘as(* of 
operation and this circuit was chosi'U as lieing most snitalbo h»r a labora 
tory built colorimeter. 

{ AVN ST RIICTU )N A 1. I ) \il AI l.S 

The photo cell us(r 1 is a We.ston typ(‘ S9*P*' output Innig nu'asiuvd (ui 
a spot galvanonuTert giving a full scal(' dtdlt'ctitm of Sb cm. I'hc inbT’nal 
resistance of this imstrument is about 100b ohms and a paraih‘1 msistanm* 
of 5000 ohms |>rovides sufficient damping, 1'hi' galvanonuht*!' and 
scale is moiintecl in a light tight box sejiarate fujin tlu* eolorinu'b'r. 

Absorption (.'ells 

Wdiile test tubes have been used most conveniently as ahsorptioj) 
cells in a number of colorimeters their round surfact* iu*(*chides any 
simple device for sliding a reference cell into ]»lace to adjust (Ih* instni 
ment and to check for drift. Since the test tuln's fo('Us tin* light it is 
fundamental to such instruments that the tube be in r'xat'tly tin* saim* 
position for each reading, a condition dithciilt toid)tain wlu'u mounting 
on a moveable slide is desired, h'or tiiis reason Hat sick'd (‘(ffis wc'iv 
used, two being mounted side by side on a carriei' as shown in log, 4. 
The cells are constructed from 2 in. squares of plate glass in the* <‘('nire 
of which a liole If in. diameter is drilled, all edges Ix'ing k'ft unpolished 
to reduce reflection ; 2 in. square lantern slide glass a, re ci'inenti'd to 
either side, a small opening being cut in the toj) for filling. I'lu' ccmuait 
used depends (Jii the solvents and reagents t)iit Canaria F>alsam has 
been found satisfactory for all aqueous solutions and cas(?in glm* tn^atiRl 
with formaldehyde for organic solvents* The plate glass is avaihilik' 


* Supplied by Standard Telephones and Cables (A'sia) Ltd., Wellington, 
t C'anibridge pot. Galvanometer Catalogue No, 41157/2. 
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1 948) Mc( iiLLn’KA'i’ A Laboratory-Built Photoelbxtric 

('OLORIMETER AND FlUORIMETER 

in viuioiis tliiokricsscs, in. being chosen to give a cell capacity of 
a|)})r(>.\iinately 9 irii. l^rovidecl the glasses are clamped together while 
tlu* (aaiK'nt is still fluid and pressure applied until it is quite set, the 
wariatidfi in width is not signitkant. The cells do not need to be re- 
in()\'(‘d from tlit‘ instimnient but can be einpticd by means of a tube 
alta«‘h(‘d to a x'arimm |)unrp. 


The [.amp 

To gi\’(‘ sullicient light for the densest lilters a 40 C.P., 6 volt car 
headlainp was usisi. In any colorimeter the output of tlie photo cell 
('an bo adjnstod to tin* re(|Liired value by reduGing the light incident 
on the o(‘ll or by ko(‘ping a uniform light intensity and reducing the 
('urnnt dovolopt'd by men, ns of a resistance network. With the latter 
nadliod the (a)lourod solution is exposed to a needlessly intense light 
with the possibility of increased rate of fading. (Since many of the 
solutions with wbi(di it was desired to work fade rapidly, particular 
attention has InHai paid in the design of the colorimeter to keeping the 
light inti'nsity to a juinimurn.) Reduction of the light intensity was 
t}n‘r(4oro st'liM'ted and was achieved by means of a diaphragm rather 
than by N'arving the supply voltage, since witli a lain]) of this power there 
is a notie(‘al)l(' (dianga^ in hue as the voltage is altered. Provision was 
also mad(‘ for imo'ing llu' lamp nearer to the ])}ioto cell when using 
partiiMilarly dense hlttu's. By using a definite lamp position with each 
group of tiit(‘rs, any iMTors due to different light i)aths are eliminated. 


The Filters 

'I’lir filtt'i's useil a,r(‘ 2 in. s(|uan‘ Wratten gelatine filters mounted 
ludwecas hmttan sli<l(^ cover gla.sses. In use these (liters are mounted 
in a (“airier slotted to tak(‘ tw(> lilters. T\w tilters are placed between the 
lamp and (“ells in order to r(‘duc(‘ fading of tlu^ solutions. No difficulty 
with iaaiting of tiu^ (iltm's has Iktui ex])erienced. A metal masking 
plate Ills into tlu‘ s]>a.ce btdween the tilters and so prevents light reaching 
tlie solution and the ])hoto cell exce{>t when readings are being taken, 
thus {ueviMiting fading and fatigm^ resipectivc^ly. method is 

pnderable to s\vit<'liing the lain]) off as it requirt's about 5 minutes to 
iviu'h a stab}(‘ Wvvl of illumination. 

'fur: F>()i)^’ oi' the ('oLORiMirrKR 

Th(‘ instrunuuil was constructiRl entirely in metal (mainly light 
sluM't iron) to givi’ rigidity. Figs. I and 2 show a general view of the 
instnmuait (log. 2 includnig tlie lluorimetric attachment) while Fig. 3 
gives a s(‘etjonal scale <‘levation. The base (A) carries a stpiare box 
iitt<‘d to accommodate the photo cell (B) the ah.soiqition cells on theii 
(“arrier (Mg. 4) the filters, diaphragm (C) and the lanq) (1>). The photo 
(“ell (its into a, ‘ ])ocket ' being held in place by tlie locating screw m 
the back of ilu‘ ])hoto cell. The light beam is restricted to a maximum 
diaimdvr of 1 in, l>y means of fixed diaphragms ( K) and it is not necessary 
to introduce a kais system to give a closer approach to pauillcl liglit. 
Idle absorption c(‘ll carrier slides through an o])ening (F) on a solid 
bas(‘ ((Sr) so j)la.r(ul tliat the centre of the cell is in line wdth the filament 
of (lie lamp and the centre of the photo cell. The \l in. diameter oi 
t!u‘ al)sorption ccFs allows a latitude of about i in. in the iilacmg of the 
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illumiiiation and wlien operating in bright light the opening in this cover 
is shieldt'd wliile readings are taken. A rack (M) to carry lilic'rs not in use 
completes the colorinieter portion of the apparatus. 

In operation the galvanometer is adjusted to giv(‘ zc'ro !('a<ling 
with tlie masking plate in place. Using the appropriah* tilUn's. thr 
lamp at the correct position and the reference cell containing (iistilled 
watco' or the. pure solvent in place in the light beam, tin* light intensity 
is adjiistcai lyy means of the diaphragm to giv(‘ lull s('al(‘ dellection, 
1 .( 0 , too per (:ent. transmission. The other absorption cvW (amtainiisg 
the test solution is then moved into place and p(MT(‘ntag(‘ trans 
mission read directly. 

Provision can also be made for the use of test tnl)es as ;d)sor}dion 
cells in. particular cases where it is desired to follow naictions taking 
place in test tubes. .A wooden block iscut to fit the C(‘ll coinpaii immt (h ). 
A hole (G) is drilled through the top of the compartment and into the 
block to accommodate the test tube and a horizontal slot 1 in. I in. 
is cut through tlie block to transmit the light as in tlu.^ hvelyn Toiori" 
meter. The block having been securely screwed in phuay tlit‘ malclu’d 
test tubes are merely inserted and tlie transmission nu‘asiired as bid'circc 

Fluorimetric Attachment 

The tluorimeter portion of the apparatus consists of a wAl Viaililati'd 
lamp house (P) mounted so that the light shines through the opining {< )). 
'Fliis liousiiig is removeabkg licirig a;ttached by a .scuhav (I\) and lhr(M‘ 
locating pins (S). The ultra viol(‘t source u,s(r 1 is a ‘ Merera ' Pnitish 
Tiiomson-Tlou.stin 125 watt lanij)’** which is fiUi'd with a Woods glass 
filter. (It appears that a mon^ suitable lamp would In* a ( iemna} hih'ctric 
Type (TH4 (3) which is however not yet availahh* in Nt‘W Zi^aland.) 
'file ahsor|)tion cidls already de.scribed were not snilahh/ Imt mund 
straight sided specimen tubes 2 in. x ^ in. wen* found to bi* ipiite satis 
factory. In this case since tlu^ light entm's tin* toj) of tlu‘ tuln* the 
round cell is no objection. Two cadis are again nimmU‘{l on a ('airier 
(Fig. 4) which slichvs in the same way as the ahsorjilion {'t'll ('arri(‘r. 
being positioned by the same pins. It is [mderalih^ that tlu' diaimTin’ 
of the light beam be slightly smaller than tluj inhn'iud dianudm' of tfu^ 
tubes to give some latitude in tlie placing of the carrier, 'flu^ intensity 
of the ultra violet is varied by means of a diapiiragm. Scattmvd ultra 
violet is blocked by placing a wratten filter No. 2A iinm(Hliat(‘ly in front 
of the photo ceil. 

With a single cell lluorinieter of this ty]H\ tiu‘ ('hief difheuity eii 
counterc'd is mains voltage iluctuation. Tlie efted of tlu'si* nuctnations 
on the ultra violet output depends to a large extimt on tiu‘ typ(‘ of lam[> 
and the choke* used in conjunction with it. Since it is imt. normally 
necessary for the output of these lamps to remain alrsoiutely constant 
most commercial chokes are designed to run near to saturation point. 
In such cases a voltage surge will result in an increasi* in lamj) currmit 
many times greater than the actual voltage clumge due to thv. indiiclama* 
of tlu' choke decreasing as it runs into saturation. 

ft wa.s found that the operating conditions of tlu* choke.? suj)[)li(*cl 
with the 'Mercra' lamp were fairly satisfactory since the riuinge in 
output was only about twice as great as tlie change in voltage, *. 'fliis is 
typical of luminous disci, large tubes under normal working conditions 
and cannot he greatly improved by choke design. 


^ Obtained from thc^ National Mectric and Engineering Co. 1 ,t d,, Weliiugtou . 
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(a)LORIMKTER and Fluorimeter 


1 hr output \'ariatiou can, ho\ve.ver, be considerably reduced by 
introducing in scu'it's with the lamp and choke, a condenser whose reac- 
tancr is twi<'i‘ that o{ the choke. With this circuit, since the choke is 
approachiiii; saturation, an increase in voltage causes the choke reactance 
to d('C!n‘ast‘ so tliat tht‘ total reactance which is the difference between 
the reat'tancc's oi (dioke and condenser increases thus opposing the 
rise in (un iH'nt. I 'sing this network it was possible to reduce the per- 
taudage ('hang(' in out|)ut to about one half that of the voltage change. 
Ihidiu normal supply conditions, these small variations in output do 
not a{Te(d thr satisfactory working of tlie fluorimeter. Tlris condenser- 
clioki' cii'cuit oflers a ('onvenient inetliod of overcoming voltage variations 
without resorting to self regulating transformers or similar voltage 
stabilising (‘quipunud. It is Iiowever neceSvSary to check tlie lamp 
currt'id witli and without tlie condenser in series. These should be the 
^ame but t!u' toh'rance of commercial condensers may be enough to 
intnuiuce st'rioiis m'rors. 

In < ptu'alion the lamp is allowed about 15 mins, to warm up and 
reat'li maximum stabh^ intensity. A cell containing distilled water is 
placed in tlu' light beam and the galvanometer adjusted to zero. A 
et‘ll eontaiuing a referenct‘ solution, e.g., sodium lluore.scein, is moved 
into tin* beam and tin* intensity of the ultra violet adjusted to give a 
eonvenieut si'ah‘ nxuling. The zero is then checked and the test .solution 
phuetl in the light beam. 41ie scale ^ n corresponding to the 

l1ouresc(‘n('i‘ of this .solution is expressed as a percentage of that due 
to the refenauH* s< >Iution. 


(k)ST OF THE Instrument 


'l‘he aj)pr()ximate cost in New Zealand of the cc)mp<)iients is :~ 

( hil vantanu'ter anil ac'cessories ... ... £9 0 0 

Iflsoto eh‘ctric cell ... ... ... ... 4 0 0 

luUt'rs 5 0 each 


('onst rnclioual materials, absorption cells, 

etc 1 0 0 

I 'Itra violet lamp, choke and conden.ser ... 9 0 0 

riie total c(ist is therefore, not more than £25. 
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NOTES ON AZIMUTHS, DISTANCES AND 
EQUIDISTANT AZIMUTHAL PROJECTIONS 
IN THE SOUTH PACIFIC 

By W. M. Jones, Dominion Observatory, Department of Scientific 
and Industrial Researcli, Wellington 

[Recemui f(n' pitbiicaH^^^ i7th October, 1947) 


Summary 

Tabies are now available giving geographical distanct\s. in (h'gives and 
niiniites, from observatories at Auckland, VVndlingtoii, ('hrist('hnr('h, lOvcr' 
view, Brisbane, Suva, and Apia, to points at 1" intervals ov(m- tlu' zone 0”-7n' 

S., 160° E.-170° W. A table has also been compiled giving azimnlhs a,nd 
distances from the same observatories to jjoints at 5° intervals oven- tin* zoiu- 
0“-7(}° S., 150° E."d55° W. This table enables the construction of epuidislant 
azimuthal projections which will show with fair accuracy (he aziimitlis aud 
distances from the observatories to any point in the zone. I'or oilier slat inns 
within about 100 miles from any of the observatories, sinpih' corretdions ea,u 
be applied to tlie distances and azimuths tabulated, without iiuudi loss of 
accuracy. 

Introduction 

As scieiitilic work develops in the South Pacilic, a surrH'itTitly ticruraU^ 
knowledgt.‘ of azimuths and distances lietween two |)oi.nts, or iudwram 
a station and a ,series of points, will be increasingly napiinal by in\’(*s 
ti gators in iminy fields, e.g., in .seisniology (eartlupiakt's or inicrosiisms), 
meteorology (longTange location of eycloiH’ paths), studies of radio 
transmission cojiditions and navigation by radio imdliods, hwatimi of 
aurorae or (h‘ meteors, studies of water-wa\’(‘S, tsunamis, <>r sw<il, and 
perha})s, in the future, the paths of rocket projtvtilcs. Tin* aceinacy 
requirements are variable, but for many purposi's it is not mna^ssarv to 
take into account the earth's eriipticity, aud many lus'ds will 1 h' imd by 
a knowledge of greata'ircle distances to vvi thin a mile or two, and of 
azimuths to witliin a few minutes. 

In previous papers, (1) and (2), the writer has givim tables of four 
figure direction -cosines, at D’ intervals of latitiuk; and longitude, whi(di 
enable the ready compution of distances to jjoints in any latitiuh* over 
a zone of 60° of longitude. Tlie accuracy attainable is to a minut(‘ <a’ 
two of arc, or a mile or two of distance (except at rangt^s less than 5 J, 
and the process is simple, even without a calculating nmchino. A 
table of geographical distances, in degrees and minutc’S, computtal by 
this method, lias I)cen given for the range 0° B5" S., 16tP hbd70'' \\\ 
in a Dommion Observatory Bulletin (;i). An extension of this taJ)le, 
from 36° to 70° S., over the same range of longitudta has now \)ov]\ 
completed, and will be issued as a further Observatory BuUclin. Tln^ 
distances are from the principal observatories covering tluj South Ikicific 
Auckland, Wellington, Christchurch, Kiverview, Hrisbarug Suva, a, ml 
Apia. For points inside the D intervals, linear interpolation is adt^' 
(juate for most purposes. 

For otlier stations, within a radius of about 100 miles from any of 
the abovementioned observatories, it is possible, as indicated l)elow, 
to make a simple correction to the distance given for tlie oliservatory, 
with but little departure from the accuracy of a mile or two attairuul in 
the table. The correction involves an ai^ptoximate knowhalge of tin* 
azimuth from observatory to the point Aohnsidered. 
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Equidistant Azimuthal Projections in 
THE South Pacific 

Azimuths 

Wlicii the distance between station and point considered is not known 
aznnuths can he calculated from the formula of spherical trigonometrj-— ’ 



Fig. I 


In iu'g. la, A is the station, B the point considered, C the South 
Foki ; a is the co-latitude of the point, b that of the station, and 1 the 
dilTerence in longitude of point and station. The azimuth of B from 
A, measured clockwise from the north direction, follows, according to 
the <|uadrant in which B is situated, from the value obtained for a. 
When tlui distance between station and point is already known (c in 
the figure), then 
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Equidistant Azimuthal Projections 

An (Mjuidistiint azimuthal projection of the vvholr (‘arlli. basrd an 
Ma,ka,ra, has Ix'.cn i^iven by Lee (4), witli notes on the iise <>f tlu' ahow and 
other formula.e in computation. I'lie azirruith Mistama' table alxive 
mentioned can bt‘ used as basis for similar proji'ctioiis IVoin tin* obs(‘r^ 
vatories, for the region covenal. Tlie graticuh* is dost' enough to draw 
a reasonably lar^e-s('al(! ma]) of the region (say L' 1 ein.). with straight 
lines for (^ach degree of azimuth, and circles for each dt'gree ol distam'e. 
Then distances can be read off to an accuracy of about S miles, ami 
azimuths within 15' (except close to tin* ('eiitnQ. A la'pcxluction ol 
such a map for the Doininion ()bservaT()rvH Wellington, altliough too 
small to be of much use for reference, is shown in Idg. 2. 

For ])articuhir a.reas, when distortion of land forms does not niattcu', 
otlier methods (jf plotting, not necessarily projtrtions in the ordinary 
sense, can be irsed, h'or example, the angular scab' of a/iniuth mm be 
multiplied, so that an angle of 5'L for example, ri'picsents f’ oi actual 
azimiith-differenctL Squared paper can also be used, with distanct's and 
azimuths as co-ordinates, and curves drawn (m it irq>n'S(mting parallels 
and meridians. An example whicli might hi* usc'd in work on anroiat' 
from Wi4iingt(m is illustrated in log. 3. 

l)lSTANCluCf)KKECTIONS EOR A DlSFLACEMKNt' 
eromthiM)bse 

When the distances and azimuths from an olcservatijry ate known, and 
the ranges are not too great, a, simple (’ornH'tion may be aj»plie(l to ob 
tain a distance from another station not too far r<Mnov(‘d from tlie ohser 
vatory. The correction is obtained from tlui plant' tiiangh* (st't' log. lb) 
imstcad of the spherical triangle. 0 is tlie oliservatory, (j tho lu'W 
station, and tlie point considered. The disjilact'inent d and its dirtM' 
tion being known, the angle <j) is found from the known azinmlh of from 
(), using the equidistant azimuthal projection, or interpolating from rho 
table (great accuracy in estimating ^ will not hi* m'Cc'ssa.rv). bht' 
correction is d cos its sign being apjiarent from ins]HH'tion. Hu' 
greatest error involved in using tlie plane triatigle mm hv assi'ssi'd by 
working out a few examples for points on the |>eri]>hery of tlu' region 
covered, for displacements to the north and to the east. Iu)r I'xample, 
for a displacement of 50 miles to the north or to the I'ast of Wellington, 
the errors in the correction, calculated for a series of 10 points round 
the periphery of the region, including the (‘orners, wen' found not to 
exceed about a minute of arc, or about the onler of the possible (‘rrors 
in the original distance-calculations ; even for a displacement of 2 ‘, 
or 138 miles, the maximum error noticed was only 8'. In this ease, tlK' 
observatory is in a fairly central position in the region covenxl, and 
somewhat greater errors may arise when it is near the hordtu' of the' 
region, but if thought desirable, the matter of maximum error for a 
particular station can he readily settled, as indicati'd. in an hour or 
two. Thus, with the azimuths and distances available from Wt'llingion, 
Auckland, and ('hristchurch, distances from almost any pcmit in N(av 
Zealand should be obtainable within a few miles by apjjying th<' ('or^ 
rection d cos ^ to the value for the nearest of the three ol,)st‘rvatories. 
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EouiDisTANT Azimuthal Projections in 
THE South Pacific 

AZIMUTII -('(IKRICCTIONS FOR SIMILAR DISPLACEMENTS 

I 'sing tlu' sain(‘ plane triangle, the correction for azimuth would be 
gi\'en appn)ximat<‘ly by 

sin jS sin (/3 + cl>). cl/zl. 

<>i when (1 is srnall coinpared vvithzl , by 
sin - sin </>. d/J’ 

The errors involved liave not been investigated, but examples for 
j)a!lmailar ('as(‘s ('ould be readily calculated. 

I'Jkfkrencks 

(1) h>xi'>» (H)44): 'I'ahle of Direction-cosines to Four Figures at 

InUn vals of ( >iu‘ IE‘gree in J.atitude and Longitude over a Zone of 60° of 
Longiiudr, ami Laliinde from 0° to 40°. N.Z. J. Sci. and Tech., 26, 
[See. T>), IS6. 

(2) joNi-:s, \\'. M. (1047): Additional Table of Direction -cosines, for Lati- 

I udes fU'-On . A’./. /. Sci. and Tech., 2S, {Sec. li),292. 

(3| joNFS, \V. M. (1945); Table of ('leographical Ibistances. Doni. Observ. 

■ ludi., s. h:i 

l'4) bine b. b. (1947): The E(iiiidistant Azimuthal Projection of the Sphere. 

( i (I phre, 6, 41'. 
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$1.00 ill paper carer, $1.50 in clath hinding, posipaid 

Mils inu’u<it's th(‘ usual luisiiioss (loiails, the report of tlie hresideiit. \’aiiiiev;jr 
Ihisli, and reports ol dc'jiartuuMital a<divilies under the lieadings : 

AS r K< )N( )M\' (Ml. Wilson ( )hservatory). 

i' !•' K h !{S‘r K I A L S(' 1 h'N(' h'S : ( leoplu'sieal 1 jilioratiH N , l of Tirr 

ri'strial Magiudisni, and Special Ih'ojects. 

r»inl,( )( ; K'Al, S('I h’N('h;S ; Plant Paology, KrnhrvoloKv, {‘.ciietirs 

IHS'roPK'Al, PlCSl'AKPIl. 
uith hihlio^raphies of puhlij'ations. 

( )n!y a hav of llu* )nan\' items of intiTC'st in these reports are seliT ted. 

P>ah(’ 0 ('k, in continms] in vest ijj;at ions of the gtmeral magiielir fudds of stars, has 
surv(*y<‘d likely ones down to (lie sixth magnitii<le, linding holds slroiigr*! tliari ItHHf 
gauss in si'veral, and in om^ a, txilar held of 5500 gauss. 

'file < '.eophysi('a! Laboratory has employed a tuav typ(‘ of pressur(‘ a]'p;traius in 
lh(‘ stiujy of e<piilibriuni ndations in hvdrous mi.xtures, esperialh' the mai-inesia 
sihi'a- water system, 'the prt‘ssures luive been up to 50.000 lbs. per S((uar<- ineh. and 
tenipi'rat un*s up to t)00"(',, and th<‘ ('onditions of formation of igneous and nuta 
inor})hic roclcs should bt‘ more chNirly luuhM'stood as this work is extended, 

An aehie\ami(Mit of the I)t‘par1ment of 'rerrt'strial Magiudism has been theas.smia 
tion of marka'd inereasi's of tlu‘ measureil inttuisits’ of ('osinie radiation with solai 
llaiN's, thns' eases of whieh havt'' Iktui notieeil in ten years. A theory eoiisiiieretl ir. 
that of are(derating action assoiaated with the Hare, possibly by a local rate of chmige 
oi magiH'tic held, as in a betatron aceeh'rator. 

d he study b\’ m*\v methods of t.he faint residual magnetism in glacial ^alt^ ha'-' 
indicat<‘<l dial (lie earth’s magnetic lit‘l<l has not changed inucl! during the past 50, poo 
vrrars. 

< hi Iht' biologii'al side, studii's of the fundanu'nlal proc(‘ss ol photo onl hc'C'. 
in plants lead to ilu' eomdusion that this pio(a‘ss has umhu'gone little t liaipu" m the 
long eoinse of evolutionary iiistor\' ; lor exanpile, the photo s\nl hej icallv uetive 
tnguU'Uts of [UTTsiMit ilav green alg'ai‘ are (In* same as (lutse possessed bv tlieu fo'.Ml 
am-estois of st-vmai luindred million N’tsirs ago. 

'rhi‘ grasS' bri'eding programme for tlu‘ piirposi/ of produi'ing, ;» betlis rani'c g,oc.'- 
has r<*suld'tl in msirly llirtn' lnmdr<‘d intiuAspecilic livluiiis, some of which show iiu'.h 
proniis<‘ in r(‘sp<‘ct of yield, resistane<‘ to disease, and activits’ in <lrv summer wealhei 
it wa,s found, imexjiectedly, that Iwodliirds of Itu* Ip/brids lahwi'en asesua! patent'- 
w<*re dumiselvi's sexual. 

'Idle nc'partineiit of (aMielics lias applied tlieir am'osol method to l<'sl dte jsowci 
of various can eirr-p it ni vicing agents to bring about muta,tjo!is in genes, Most ol the 
cananogetis te,st(‘d hav<‘ h(‘en found to lx* mutagenic,, but cluMni<adI\’ related suhsbua c;-, 
whirdi art' not {'■an'inogenit' do not protluco mutations, ddu'.st^ results aie relevant to 
the hypothesis that eaneer nitiy oriuinalt^ llircmgh a gent' mutation oceuniiig in a 
somatic cell. 

ddie nejiartnu'ut of luuliryology ha.s tMiinloyed tracer teehniipies, one wilii 
radioactive sodium ami hea,vy wa.ttw to give tlie proportion and liist rihution ot water 
in tilt' bodit'S of new-born infants, ddit' mwvhorn infant is IVamd to bi* 7t.(i watei, (he 
t'X't raceliuiar water bi'ing 45.5 p<‘r cent, of the body wi'ight . d hese lindiugs reutfoo e 
other I'videiice that dit‘ ratio of water wdthin the cells to exlrma-llular water im ieases 
as gtrowtli go(‘S on. 

Light is Ix'ing thrown on problems of avlvaiu'cil pri'gnanev and parturition Iw 
nu'asureint'iil s of the physic'.ai forces involved as the iittuus at commodates to i(’-' 
growing eontr'iits. Sensiiivt‘ strain gages havr* betai developed (o give a Lpie leuud 
of ut<‘'nue con tra,ct ions. 

In Historical Kesc'arch, work at Nehaj In the (lualenuda liighlands lias disclosed 
works of art spanning .seven or eight centuries, including the fme.st ('xainpfe oi Maya 
ja<k' carving ytd found. An expexiition to Honampak in (ddapas has studiv'd jn-.m-oes. 
lavish in chdail, dating from the eiglil century. 

ddie Palomar Mountain Oliservatory, with the 2(K)»inch tekseiipig expected to be 
eonpiU'ted in 1948, will be operated in co-operation with the Mount Wilson ( dist'C 
vatory, by a,n agnmment between thet'arnegie Institution and tiu' {laiifornia Institute 
of ‘rechnology. 

'I'he (>l).serva.tori<‘s at Watberoo and Muancayo have been transferred hs' gift to 
the Ciovernments of Australia and of Peru, respixdively. 'rids is in conswpieuee of itu' 
new empha.sis of the Dept, of d'errestrial Magnetisjn on laboratory and experimental 
work, ami of the rtx-.ognition that the collection of geopjivsical data over long pt'viods 
is now wide.ly accepietl as an appropriate activity for agoWrnmeutal scieul die bin earn 
'The policy of the Department is now ‘'to emphasae creative work, ideas with new 
potent iaiities, and work wliich lies on the front linea of knowledge/’ AV M. J 
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